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PREFACE, 



The writer has been long impressed with the fact that 
a book on the subject of Wireless was needed, which 
would not only explain the' more simple working system 
but those of the more complicated design as well. Many 
good. books are on the market relating to wireless teleg- 
raphy, but in the usual cases the subject is treated in 
either a rudimentary or a technical manner. The student 
soon passes over the experimental stage and desires to 
take up work with the more complicated instruments. 
This l)ook has been written with the end in view of lead- 
t{ ing the student through the experilnental stage, on up to 
^ the more complicated types of wireless telegraph and 
^ telephone instruments. Various rules and regulations as 
^ used at the present day have been inserted, as well as the 
1*^ different codes. At points where thought advisable the 
actual construction of the instruments used is gone into 
4 and all details given. 

J A statement made on page 105 reads as follows: ^'It 

<< is to be regretted that, as yet, we have no schools of wire- 
g less telegraphy which would serve to bring the student 
and the operating companies in closer relationship. How- 
ever, the demand exists and such schools will ultimately 
follow." The truthfulness of this statement has already 
been proven, for since the pages of the book were set up 
the writer has become connected with an institute of 
this kind. 

The writer wishes to extend his thanks to Mr. H. W. 



PREFACE 

Ifoung, editor of Popular Electricity; Mr. F. B. Butler 
of the American Wireless Institute;' Mr. H. Gemsback 
of the Modern Electrics Publication, and particularly to 
Mr. E. E. Burlingame, who supplied numerous photo- 
graphs and much information. 

Victor H. Laughter, 

Tecbnical Director, American Wireless Institatc, 
Detroit. Mictaiffan. 
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WIRELESS TELEGRAPHY. 

By Victor H. Laughtbr. 
CHAPTER I. 

ELECTRICITY. 

We do not know exactly what electricity is, yet the means 
for producing and utilizing it are well known and it can be 
found in the everyday passages of life ; in the street rail- 
way, the electric light, the telephone and telegraph, and 
lastly the new arts of wireless telegraphy and telephony. 
It is of course evident that numerous other purposes and 
uses of the electric current could be given, this list how- 
ever, would prove too large for the space allowed here. 
Since the earliest dawn of electricity well known scien- 
tists have devoted time and study to what might be 
termed the ** eternal question.'' What is electricity? 
Many plausible theories have been advanced and reasons 
to sustain the theories, yet we are still in the dark as to 
its exact nature, and can only accept the results and con- 
tinual growing scope as final. To follow out the progress 
of electricity, its continued growth, the utilization and 
means of producing would be impossible in the pages of 
this book, and besides it is only desired that the main 
features be given which are necessary to close under- 
standing of wireless telegraphy. 

FORMS OP ELECTRICITY. 

The forms in which the electric current appear can 
come under the following headings : First static electric- 
ity, which appears as a charge on a body, such as a stick 

1 



2 WIRELESS TELEGBAPJIY 

of sealing wax when rubbed with silk. The sealing wax has 
now undergone a change in state which can be described 
ty saying that it is charged or electrified. The sealing 
wax itick if brought near the silk will attract to each 
other, but will repel a second stick of sealing wax like 
charged, the same rule applying to the silk. Hence, we 
have the law: **like charges repel and unlike attract.'' 
In this case the silk was positively charged indicated by 
the plus (.-f-) sign and the wax negatively, indicated by 
the minus ( — ) sign. The principle of static electricity 
is farther extended in ithe electrophus and static machine, 
in each the charge being produced by frictional action. 
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Fig. 1. Showing Attraction of Silk Pig. 2. Sealing Wax is Repelled 

Handkerchief by Sealing Wax. by Sealing Wax Like.Charged. 



VOLTAIC ELECTRICITY. 

Voltaic * electricity in which the current is set up by 
chemical action is at once the .most simple and efficient 
means for generating a continuous electrical current. 
The static current as noted above appears in the form of 
a charge caused by friction, while the voltaic cell sends 
out the current continuously until complete deterioration 
of the parts. The simplest form of voltaic cell is shown 
in Fig. 3 and consists of two plates, one of copper known 
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as the positive pole and one of zinc known as the nega- 
tive pole immersed in a dilute acid solution or better 
known electrolyte with wires connected to each plate and 
leading out at the top as shown. When the wires across 
the top are connected together or '"closed," as 
the technical word is, the chemical action is 
started which continues so long as the circuit 
is 9losed and until the final eating away of 
the zinc. It is supposed that when the 
circuit is closed as explained the current 
flows out to the wire on the positive side, 
comes in again on the negative and com- 
pletes the circuit through the solution. Thus ^^^- ^- simple 

... ,. . 1 .. 1 Form of Vol- 

it 18 one continuous circulation so long as taic. ceii. 
the cell is connected for use. 

Yfhile this cell differs from the type in common use 
today yet the chemical action is nearly the same in all, 
and the same rules will apply to each. 




DYNAMIC ELECTRICITY. 

Dynamic electricity generated by the dynamo electric 
machine is the most economical means for generating the 
electric current when desired in large quantities such as 
for street railway and electric lighting use. The dynamo 
in action is very simple and consists of a coil of wire re- 
volving in a strong magnetic field. The coil of wire is 
known as the armature and the magnetic field in the case 
cited, the termination of the N and S poles of a strong 
magnet. In Fig. 4 is shown the magnetic lines which 
circulate through the windings of the armature from the 
N and S poles of the magnet. In Fig. 5 is shown the 
armature being revolved and the distortion caused there- 
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by in the magnetic field. The revolving of the armature 
in the magnetic field cutting in and out of the magnetic 
lines sets up the electric current in the winding of the 
armature which flows out by means of the brushes to the 
line wire. 

The type of dynamo used here to illustrate the genera- 
tion of the electric current is not of the type employed 
for common use, but the working principle and theory 
are the same. 
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Fig. 4. Simple Type of Dynamo Showing Magnetic Lines. 



ONE KIND OF ELECTRICITY. 



From the above it should not be tdken that three kinds 
of electricity exist. It has been repeatedly shown and 
proven that we have only one kind of electricity with dif- 
ferent means for generating. In the static charge we 
have the silk positively electrified and the wax negatively 
charged. On bringing the two together a tiny spark will 
bl'eak across from the positive to the negative body, thus 
releasing the stress or potential difference between the 
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two and showing that the negative body was the leaser 
charged. This same action is supposed to be present in 
lightning. A cloud heavily charged with positive elec- 
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Fig. 6. Hone-Bhoe Uignet Showing UaineUc LlaeB. 



tricity passes over an object lesser charged with negative, 
and in order to equalize the potential difference between 
the two a discharge takes place in the form of lightning. 
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On a smaller scale we have the same results in the voltaic 
cell. In this case, however, the discharge is continuons 
as the current constantly travels from the positive to the 
negative pole seeking the potentiiil level. 

MAGNETISM. ' 

Magnetism in its natural state exists in the metal oxide 
of iron and is termed lodestone. Lodestone was first 
found by the Ancients in Magnesia, Asia Minorj from 
which the name of magnet is derived. Magnetism can be 
imparted to other metals sueh as steel, soft iron, etc., by 
rubbing over the surface of the metal with the magnet. 
Steel ia found to be more retentive of this magnetism 
than any other metal and soft iron less retentive, hence 
each metal is employed where different effects are desired. 



. BlectrO'HHiiet. 



ELECTRO-MAGNETISM. 



Magnetic effects exist wherever there is a current bear- 
ing wire, the magnetism existing at right angles to the 
flow of the current. By winding a lai^ number of turns 
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of wire on a bar of soft iron we combine the magnetic 
effects of the entire length in this space and on sending 
the electric current through the winding the bar becomes 
magnetic, the magnetism existing however only as long 
as the current continues to flow. A magnet of this type 
is known as the electro-magnet. By replacing the bar 
of soft iron with one of steel and sending the current 
through as before the steel bar will retain the magnetism 
and will be capable of imparting the same effects to other 
objects. It is in this manner that the majority of small 
bar magnets are made. 




Fig. 8. Plan Showing Construction of Coll. 

This electro-magnetism will extend to quite a distance 
beyond the winding and it is on this basic principle that 
the spark and induction coil are made. In Fig. 8 is 
shown the plan of the induction coil, which consists of the 
soft iron wires in the center known as the core, over which 
is usually wound two continuous layers of heavy wire 
known as the primary winding. On top of this winding 
and well insulated from it is wound several hundred 
layers of very fine wire known as the secondary. On 
sending the battery current through the primary wind- 
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ing magnetic lines are set up as shown, beginning at the 
end of the core and extending through the secopdary 
winding. Now on quickly breaking this current the 
magnetism ceases to exist, thereby inducing a current of 
high voltage in the secondary winding, due to the large 
ratio of transformer winding employed. In the spark 
coil a device known as the vibrator is employed to ''make 
and break ' ' the current, both of which will be treated of 
in another chapter. 
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CHAPTER n. 

HISTOBY AND EABLY METHODS. 

Signalling through sx>ace is an old art, if it may be so 
termed, and our records show that it has been practiced 
since the beginning of the ages in some crude form or 
other. It is said that the Ancient Romans used a sema- 
phore signal system by which messages were spelled out 
and read by an observer on some distant hill or elevation 
in a direct visual line with the semaphore. Stanley tells 
us that the savages of South Africa used a beating noise 
made on ''tom-toms" as signals, the sound being picked 
up and transferred from one tribe to another. Our his- 
tory shows that the Indians used fires and clouds of 
smoke; while our forefathers of the revolution em- 
ployed the same methods as the savages of Africa, only 
the more improved musket was used for setting up the 
sound waves. 

Since the date of employing the above many revolu- 
tionary changes have been brought about, and many im- 
proved methods of signalling and communicating used; 
of these however, no special mention need be made as all 
were limited and could be employed only under certain 
conditions. The first radical change to take place in the 
way of quick and reliable signalling was on the adoption 
of the Morse telegraph; now we have the telegraph, the 
telephone, and lastly the new art of communicating 
through space without connecting wires, or more aptly 
called wireless telegraphy. Wireless telegraphy was pro- 
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posed and theories worked out many years before its ad- 
vent in 1896 by many well known scientists; however, 
Marconi was the iirst to place it on a practical basis and 
show the world the wonderful possibilities of such signal- 
ling. 




Wit-9. wireless TelephoD^b^tbi 
MEANS OP SiaNALLINQ-CONDUCTIVlTY 

Before Marconi made his famous experiments and be- 
fore the scientific world awoke to the possibilities of the 
Hertzian wave method, many investigators had found 
methods by which communication could be established 
over space without connecting wires. 
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One of the best known is the conductivity method first 
discovered by Steinheil of Bavaria and later on experi- 
mented wifii by Preece who was able to communicate 
over a distance of five miles. In the conductivity method 
the terminals of a strong battery in series with the key 
are grounded with the two legs of say a distance of fifty 
feet apart. Directly opposite at a distance fifty feet the 
receiving end is placed, the grounds being the same and 
the receiving device a telephone receiver or sensitive gal- 




FifiT. 10. Wireless Telephony. Second Plan Conductivity Method. 

vanometer. On pressing the key the current is sent out 
in the ground and will cause indication at the receptive 
device. The best theory advanced for this action, is that 
current of the sending end in seeking the shortest path 
from one leg to the other disperses and spreads out, a 
certain portion being picked up by the ground legs op- 
posite and conducted to the receiving device. The plan 
and arrangement of the conductive method is shown in 
Pig. 9. 
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Among the other investigators who have tried out the 
conductive method, which in some cases is different from 
the plans shown here, may be mentioned Armstrong- 
Orling, Laughter, Maiche of Paris and others, but no 
authentic record can be obtained of the actual results. 
In Fig. 10 is shown a second method of communicating 
by the conductive action. As noted in the plan one 
ground is embedded a few feet while the other is sunk 
to a much greater distance, it being the inventor's idea 
that the lower strata of earth would offer a good con- 
ducting medium, while the top would act as a partial 
ground, or on the same principle as the ground return 
telephone line using the lower strata as the conducting 
surface and the upper as the return or to complete the 
circuit No record has yet been given of the results at- 
tained. 



INDUCTIVE METHOD. 

• 

A later method is the inductive method, which operates 
on the same principle as the inductive effects between the 
primary and secondary of the spark coil. Two coils are 
used, one for the sending and one for the receiving. The 
sending coil consists of about a dozen turns of large wire 
wound in a circle three feet in diameter; the receiving 
about sixty turns of smaller wire wound in a circle two 
feet in diameter. 

By supplying a current of 20 volts to the sending coil 
and including a telephone receiver in the receiving, mes- 
sages can be picked up from a distance of 10 to 40 feet, 
in the open air and through solid walls, however, it is 
necessary to place the planes of the two coils ip parallel 
to one another. By replacing the key in the sending 
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circuit with a telephone transmitter the set can be used 
for wireless telephony up to possibly a distance of twenty 
feet. The method of connecting is shown in Fig. 11. 



HEBTZIAN WAVE UBTHOD. 

We now come to the Hertzian wave method of signal- 
ling, the basic principle of wireless telegraphy today and 
a method that is perfect in theory and surprising in re- 
sults. 



Fl«. 11. WireteBBTeJephonybrUielDdnctlTeFlaD. 

The theory that electric waves could be set up and de- 
tected was advanced by a number of scientists before 
Hertz's time. Prof. Clerk Maxwell first laid the path in 
theory which Hertz followed up with the actual results 
in 1888. Such waves as proven by Hertz are always 
present on a sudden electric discharge as from the Ley- 
den jar, a fiash of lightning, induction coil or other high 
tension discharge. It was further proven that these waves 
had all the properties of those of light and heat and were 
capable of reflection, refraction, and diffraction. Ac- 
cording to the authorities of the day and the best proof 
we have on the subject they vibrate at the rate of 230,- 
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000,000 per second and travel with the velocity of 186,- 
400 miles per second. Hertz showed that the oscillatory 
discharge of the Leyden jar was not only the leveling of 
the potential difference between the two but a continuous 
backward and forward surging, continually decreasing 
until a state of rest was reached and during the period 
of the" surges a wave motion was sent out into free space. 
To better understand this action we will take the Leyden 
jar receiving a charge, the potential of one coating being 
raised above that of the other until the strain becomes 
too great and the discharge to the lesser charged coating 
takes place. In the sudden rush of current to the lesser 
charged coating a very curious but common action is the 
result, which could best be expressed by saying that it is 
over-rushed or stretched beyond its normal capacity and 
now has the greater charge which of course discharges 
back to the first coating only to repeat the operation over 
again. This oscillatory charging and discharging can 
be best represented by the action of a straight steel 
spring with one end screwed in a vise and the opposite 
end left free. Starting the free end in vibration it swings 
backward and forward, each swing decreasing until it 
reaches a state of rest. The first swing carries the end 
of the spring past the central division of rest and the dis- 
tance which it passes this central division is called the 
amplitude. "When the spring has reached its maximum 
amplitude, the force in that direction dies away and the 
backward or returning force comes in effect carrying the 
spring back passing the central position of rest, but fall- 
ing short of the maximum amplitude from which it was 
first started, continuing and constantly falling from the 
maximum to zero. Thus the vibratory action of the 
spring and the oscillating charges of the Leyden jar are 
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the same. The time used in making one complete swing 
from the central position of rest to the maximum ampli- 
tude at the right, to maximum at the left and back to 
the central position of rest is known as the '* Period of 
time'' while the number of such periods made in a second 
is the frequency. The same definitions and rules apply- 
ing to the oscillatory action of the Leyden jar. 

Hertz with aid of his oscillator and resonator was able 
to set up such waves and detect them in free space. The 
two are shown in Fig. 12 the oscillator consisting pf a 
spark coil with two perfectly round and highly polished 
brass balls mounted on metal standards which are in 
turn connected to the secondary terminals. The brass 
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FIff . 12. Hertz Oscillator and Resonator. 



balls are now known as oscillators and are adjusted to 
about %" distance apart. At the free ends of the rods 
supporting the balls two metal plates are mounted which 
disperse the wave motion into space. The resonator, or . 
"feeler," consists of a loop of wire terminating in two 
small brass balls with a minute air gap separating them. 
By starting the coil in operation and bringing the ''feel- 
er" in the wave range a tiny spark breaks across the gap 
thus showing that such waves were sent out and could be 
detected. It must be understood, however, that the "feel- 
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er" had to be tuned or syntonized to the exact frequency 
of the oscillator, otherwise no results would be had. This 
can again be illustrated by the yibrating spring. If the 
spring is set in vibration and brought near a second 
spring of the same size the sound waves will set the 
second spring to vibrating, as the two are of the same 
size and respond to the same length sound wave. .If of a 
different size it would not respond so rea^dily as the tune 
would be diflPerent. Hence in the electric wave method 
of signalling we have the numerous methods for setting 
the sending and receiving end in close tune or syntony, 
desired for other reasons than as given here and ex- 
plained in a later chapter. 

To Sir Oliver Lodge is given the credit for first apply- 
ing the syntonization of a set to practical use, and his 
exi)eriments are simply those of Hertz carried out on a 
more improved scale. 

Whether or not Hertz had in view a perfected system 
of wireless telegraphy is not known, for he died soon 
after giving the world the benefit of his long years of 
research and investigation. It is a certain fact, however, 
that we use the same methods and theories today as he 
set before us, and for which so many have claimed the 
credit. 

THE COHERER. 

Prof. Branly in 1890 discovered the peculiar action of 
coherence on a mass of metal filings when a Leyden jar 
was discharged in near proximity. To ** cohere" means 
to cling together, and is caused by the magnetic effects 
of the electric current, whether in the form of a discharge 
or continuous flow, thus causing the mass of filings to * 'co- 
here'* or arrange in this form. 
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To consider the coherer as a whole we have the loose 
mass of metal filings with electrodes resting in each edge. 
The filings are now in a jumbled mass without con- 
tiguity or order. 

Send a battery current through the mass by touching 
the electrodes and the mass instantly takes on a con- 
tinuous shape due to the magnetic effects of the current 
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FIff. 18. Simple Type of Coherer. 



as previously explained. It is evident that when the 
filings are in their jumbled state their resistance is very 
high and when the current flows through, causing the 
mass to cohere, the resistance is lowered to a large extent 
as a more continuous conducting surface is offered. By 
placing the filings in a glass tube and forcing conduct- 
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ing wires through corks at each end we have the type 
of coherer first used. To complete the circuit a common 
battery and electric bell are connected in series with it 
as shown in Fig. 13, in which A represents the coherer, 
B the battery, C the call bell. To adjust the coherer for 
use force the wires in at each end until the resistance 
across the mass of filings is broken down and the bell 
starts ringing, now draw the wires gradually apart until 
the bell ceases. 

If a Leyden jar is now discharged near the coherer 
the filings will cohere "as previously described, thereby 
lowering the resistance of the circuit and allowing the 
bell to ring, which continues until the mass of filings are 
restored to their original state of high resistance by 
tapping the tube with a pencil. 



CHAPTEiR III. 

CONSTRUCTION OP A SIMPLE WIRELESS SET. 

To more fully understand the operation of a wirelesc 
telegraph set, the actual working of the parts involved 
and the plans to pursue to get the best results we should 
construct and operate a simple set as described here. 
This will enable the experimenter to more fully grasp the 
complicated points and prove of assistance when stu^y' 
is begun on the commercial sets as explained in later 
chapters. 

The wireless telegraph set reduced to its simplest 
parts consists of the sending end for setting up the wave 
motion in ether and receptive device for picking up this 
wave motion and translating into the respective dots and 
dashes of the Morse code. In this case the ordinary in- 
duction coil is emploj^ed for setting up the wave motioit 
and the coherer for the recepting device. 

For sending up to a distance of a half mile it is esti- 
mated that the one-inch induction coil will answer. This 
estimate, however, cannot be relied on in all cases as the 
conditions under which a set works will cause large 
variations in the required energy at the sending end. 
Furthermore to say that a coil giving a certain spark 
length will send a certain distance is a very unsatisfac- 
tory method for the spark length does not in any way 
indicate the amount of energy given out. The majority 
of coils are wound with very small wire in the secondary^ 
usually No. 36, this size being requisite for the coils up 

19 
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to the two-inch spark as the general dimensions of so 
email a coil would not allow of any special features tor 
wireless work. To employ a coil of larger size for wire- 
less work wound with the same size wire in the secondary 
will give a long stringy spark across the terminals ^ith 
a small amount of energy, and of which no reliable esti- 
mate could be given of the sending distance. However, 
by winding this coil with No. 32 wire in place of the 36 
a short, heavy and burning spark is the resultant which 
<iissipates a large amount of energy and is especially 
desirable for wireless work. As previously stated no 
«ipecial dimensions are necessary for the smaller size 
<;oils, consequently the estimate of a half mile over which 
the one-inch coil can send will be found fairly reliable 
and under favorable conditions even a greater distance 
can be covered. The spark coil, which is simply a small 
transformer with a high wound ratio, consists of the fol- 
lowing parts: Core, primary winding, insulating tube, 
secondary winding, vibrator and condenser. The exact 
dimensions of the above parts are given below, with 
points on the actual construction, it being understood 
that the coil may be purchased complete if so desired, 
and this plan is recommended as cheapest in the end, 
for the construction of a coil is a very difficult job and 
requires delicate handling. 



THE CORE. 

The core is made up of No. 22 soft iron wires formed 
into a bundle y^* in diameter and 7" long. The core 
wires should be bought especially for this purpose, cut 
to the right length and straight. The best method for 
forming the core is to roll a light flexible paper tube to 
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the desired diameter and glue. Force the tube full oiT 
the core wires and roll with pressure between two boards 
which will cause the wires to fit more closely together 
and allow more to be forced in the tube. Keep this up 
until all the core wires possible have been forced in, and 
the tube is perfectly round and tight. The core is now 
wrapped from end to end with black sewing thread. 



THE PRIMARY WINDING. 

The primary winding consists of two layers of No. 15 
D. C. C. magnet wire wound on the core to within i^"' 
of each end. Care should be used in winding to make 
the respective turns fit together without kinks or addi- 
tional space which causes unsightly work and to a certain 
extent impairs the efficiency of the coil. After winding- 
on of the primary the whole is boiled out in paraffine 
wax until all bubbles cease to appear on the surface. 



THE INSULATING TUBE. 



The insulating tube should be of . sufficient size in 
diameter to a neat fit pver the completed primary wind- 
ing, and of 1/16" in thickness and 6V2" long. Hard rub- 
bci' is preferred owing to the superior insulating quali- 
ties, although a composition tube will answer. 



THE SECONDARY WINDING. 



The secondary winding consists of one pound of No. 
36 magnet wire wound in 4 sections and the total num- 
ber of sections so connected that one continuous winding- 
is formed. The simplest method of winding is to provide 
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4 spools, each spool having a central diameter large 
enough to slip over the insulating tube. After winding, 
boil out well in linseed oil and assemble on the insulating 
tube soldering all connections. The sectional view of the 
parts with the exact dimensions is shown in Fig. 14. 
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Flff. 14. Sectional View with Dimensions of Parts for Spark 9oiL 



THE CONDENSER. 

The condenser should contain approximately 700 
isquare inches of foil, or twenty-four 5"x6" sheets, which 
gives 720 square inches all as the total, allowing the 
extra amount for the loss in connecting, etc. The con- 
denser is built up in the usual manner, using thin bond 
paper previously boiled out in paraffine wax, and cut 
in sheets of G^xS" as the dielectric, or insulating medium 
to separate the foil sheets from one another. 

Begin work by placing down a sheet of the bond paper 
and in the exact center a sheet of the foil which allows 
A one-inch margin around the edges. Roll the foil down 
ivith a squeege print roller. At the left hand end place 
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a l"x3" foil connecting strip with one inch resting on 
the foil and one inch clear of the bond paper. Over this 
place a second sheet of bond paper and foil, rolling down 
as before and leading the connecting strip out to the right 
instead of the left. This method is followed throughout 
the construction, alternate layers of paper and foil with 
the connecting strips leading to the left on the odd sheets 
as 1:3:5 and those on the right to 2:4:6. In order to 
get the maximum spark length from the coil it will be 
necessary to divide the condenser up in banks, of six 
sheets to each bank, and connect more or less of the banks 
in the circuit, thereby increasing and decreasing the 
capacity until the best results are had. 



THE VIBRATOR. 



The vibrator for a spark coil offers quite a lot of dif- 
ficulty in construction and it is recommended that it be 
purchased complete as the increased results will well re- 
pay us for the time and trouble spent in the construction* 



MOUNTING. 

The mounting of a coil is left more to the constructor's 
needs and means than actual dimensions. However, a 
good plan to follow is to use a wood case that will allo^ 
the insertion of the complete parts with a ^" space 
around the edges. The interior space being filled up with 
a mixture of paraffine and beeswax in the portions of 
half and half. At one end of the case the core is brought 
out %" clear of the end against which the hammer of the 
vibrator works. The wiring diagram 4s shown in Fig. 15. 
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OPERATION OP THE COIL. 



Before setting up the eoil aa a wireless transmitter it 
will be well to study out the action which takes place 
and the manner in which the high frequency current is 
induced in the secondary winding. As shown in Fig. 15 
we have the complete wiring diagram and the parts with ' 
their relation to one another. A represents the core, B 
the primary winding, C the insulating tube, D the sec- 
ondary winding, E the battery, P the telegraph key, 
H the vibrator and K the condenser. 
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Db. 16. WlriDgDiaBraniolSpBtkOoll. 

The complete vibrator consists of the post J, and the 
brass spring I with the soft iron disc G pivoted on the 
end and the disc resting %" clear of the end of the core. 
The contact screw of the post J is platinum tipped and 
works through the post to the platinum contact on the 
brass spring I. In Electro-Magnetism, Chapter I, we 
learned that on sending the electric current through a 
winding of wire over a bar of soft iron this central rod 
became magnetic and magnetic lines were set up begin- 
ning at the end of the core and extending through a 
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second coil of wire wound over the first, this second wind- 
ing being well insulated from the first and known as the 
secondary. On quickly breaking this current flow the 
magnetism ceases to exist and thereby induces a current 

. of high voltage in the secondary winding. Thus in the 
spark coil, the strength of the current induced in the 
secondary winding depends not only on the general con- 
struction of the coil but the rapidity of the *'make and 
break" in the primary circuit as well, and the device for 
bringing this about is known as the vibrator. In con- 
nection with the vibrator the condenser is employed, its 
purpose being to take up the spark at the vibrator con- 
tacts in the form of a charge and discharge back through 
the primary winding. 

To f ollojv out the operation of the coil as shown in Fig. 
15 we press the key F, which closes the battery circuit 
and allows the current to circulate through the primary 
winding B around the core A, and completes the circuit 
through the contacts of J and I. The current circu- 
lating around the core makes it magnetic and this mag- 
netic force attracts the soft iron disc G pivoted on the 
spring I. The disc is attracted to the exposed end of 
the core and in its forward move the spring I breaks 
the circuit which is completed through J and I. Here 
we have the sudden break and as the current no longer 
flows the magnetism ceases to exist, releasing the pull on 
the disc, allowing the spring to fly back to its original 

^ position, only to repeat the operatioij over again. The 
number of vibrations per minute which determines the 
spark length of the coil can best be found by regulating 
the screw which works through the post J. The con- 
denser and its purpose has already been explained and 
need not be repeated. 
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THE TRANSMITTING END. 



In addition to the spark coil there will be needed two 
brass balls or oscillators, the aerial wire and ground to 
complete the coil as a wireless sending end. The brass, 
balls should be about %" or %" in diameter perfectly 
round and highly polished. A small hole is drilled in 
each side and brass rods inserted. The rods are now . 
mounted on the binding posts to which the secondary 
terminals are connected as shown at A, B, C, Fig. 16. 
The aerial should have an approximate height of 35 feet, 
suspended from a pole. This height, however, can be 
varied to suit the conditions as in a number of cases 
the aerial can be suspended from the roof of a house, 
which proves less expensive and no appreciable differ- 
ence can be noted in the sending efficiency. 

The aerial should be run the first half of the height 
with No. 14 insulated copper wire and finished out with 
the same size in bare. To suspend the aerial it is best to 
use two common porcelain knobs strung together with 
an oiled seagrass rope, one tied to the pole or from what- 
ever object the suspension is made and the aerial to the 
lower one. This will serve to prevent the dispersion or 
leakage of the high frequency current which is the usual 
case when one knob is employed. Where the aerial is 
led in to the instruments care should be used in insu- 
lating as dispersion can occur here as well as at the 
termination. . The. usual method is to lead through a - 
porcelain tube or hole drilled through a pane of glass, 
the latter method is the more preferable as better insu- 
lation is provided. The insulation is scraped off of the 
lower end of the aerial wire for about one inch and 
soldered to the rod as shown at B, Fig. 16. 
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The ground should consist of a metal sheet buried 
to a depth .of five or six feet with an insulated wire sol- 
dered to it and led up and soldered to the brass rod 
opposite the one to which the aerial is attached. Both 
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Fig. 16. Sending End of Experimental Wireless Set. 



ground and aerial are shown in Fig. 16. By connecting' 
up the battery in series with the telegraph key and the 
primary binding posts of the coil the sending end will 
be completed. The adjustment and operation will be 
taken up after work has been finished on the receiving 
end. 
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THE RECEIVING END. 



The simplest form of coherer. was the type originally 
used by Branly and was described in Chapter II. This 
type, however, would not answer for work over a few 
feet and a more improved and sensitive kind will be de- 
scribed. The coherer such as d*escribed here can be con- 
structed at small expense and this method is recom- 
mended both from the point of economy and the fact that 
a better idea will be gained of the essential working fea- 
tures, which will prove of value in the final adjusting 
and operation. First two large binding posts are needed 
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Fig. 17. Parts Used in Oonstractingr Ooherer. 



as shown A-A Fig. 17. The exact size and style of the 
binding posts makes no difference so long as the hole at 
the top is of sufficient size to allow the insertion of a 
%" brass rod. The binding posts are now mounted on a 
wood base 7" long by 3%" wide and %" thick. In Fig. 
18 is shown the method and position in which the binding 
posts are mounted. Two other binding posts are mounted 
and small Y-shaped troughs cut as indicated, by the 
dotted lines. Connecting wires are run down the troughs 
from the binding posts to binding post. 
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The brass rods or coherer ariim are shown at B-B. 
These arms can be .cut from a common y^" bras* 
rod in lengths of two inches each, and well amalga? 
mate the tips* in mercury; In Fig. 17 is plainly shown 
the manner in which the rods are mounted and the glass 
lube which holds the filingsT in the space D. This space 
should be about 1/16" to y^'' in length, the exact distance 
being best determined by actual experiments. 




Fig. 18. Plan Showing Position in whkl^ Coherer and De-Coherer are Mounted.^ 



The successful working of the coherer will depend to a 
large extent on the type of filings placed in the space D, 
No doubt but what a large number of experimeniters have 
bad results with the coherer at the receiving end owing^ 
to the fact that they have adopted some formulae from 
the numerous text-books or articles- on this subject and 
which proves very unsatisfactory when applied to use. A 
mixture that the writer has found to give excellent results- 
consists of 88 parts of steel to 12 of silver. The filings. 

^llould•;be prepared with i) cuarse file and sifted in a thin 
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cheese cloth which allows the dust to go through, retain- 
ing the larger and more coarse pieces which are placed in 
the space D between the coherer arms. 

As previously explained, the filings whell placed in the 
circuit of incoming wave current ** cohere" which lowers 




Fig. 19. Complete Receiving Set 

• 

the resistance and allows the bell or other indicating 
vice to be acted on by the battery. The current from t 
local battery will continue to flow, thereby giving indi- 
cation until the filings are restored to their original state 
of high resistance, which in the first case was done by 
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tapping the tube with a pencil. It was soon found neces- 
sary to provide other means for this tapping or de-co- 
herering of the filings, a method whereby the de-coherer- 
ing would continue in synchronism with the length of 
time the key was pressed at the sending end, and which 
is accomplished by Mse of the ordinary electric bell. The 
bell is mounted as shown in Pig. 18, with the hammer 
in such a position that it vibrates against the glass tube 
C when in operation. This completes the coherer and 
de-coherer. The manner of connecting up is shown in 
Fig. 19, in which A represents the coherer, B a 150 ohm 
relay, C the electric bell or de-coherer, D and B the bat- 
teries operating the respective circuits. 

To adjust the receiving set for use considerable time 
and patience will be necessary. Begin by first turning 
the set screw which controls the bronze spring on the 
relay, until the relay armature, which is in turn con- 
trolled by the bronze spring, has fallen against the second 
contact, thereby closing the circuit with the battery E 
and starting the bell to ringing. Now gradually turn the 
set screw back until the tension on the spring has grown 
su£5cient to pull the armature back alid breaking the cir- 
cuit with the bell E. The adjusting is continued on the 
relay contacts until the distance which separates the two 
is hardly visible to the naked eye ; in fact, the writer has 
observed that the best results are had when the contacts 
are in this position. To adjust the coherer, begin by 
forcing in the coherer arms until enough current flows 
through the filings to attract the armature of the relay 
and start the bell to ringing. 

The coherer arms are now pulled gradually apart until 
the bell stops, and lock the arms by turning the set screw 
on top. The receiving end is now adjusted for use and 
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should be placed about ten feet from the sending end 
(without aerial or ground). Adjust the spark balls until 
about- %" separates them and press the key which sets 
the vibrator in operation, discharging the spark across 
the gap and setting up the Hertzian waves. 

The waves spread out eqiially, in space of which a cer- 
tain portion flows through the mass of filings and caus- 
ing them to '* cohere," allowing the current from the bat- 
tery to actuate the relay armature and starting the bell 
in operation. The distance between the two should now 
be lengthened until the limit has been reached, which is 
usually forty to fifty feet. By addition of the aerial and 
ground, communication can be held up to a half mile, as 
stated, with satisfactory results. The same rules apply 
to the erection of the aerial for the receiving as the send- 
ing end. 



CHAPTER iV. 

SPARK COILS AND TRANSFORMERS. ^ * 

Spark coils and transformers are used to a large extent 
in wireless telegraphy and a chapter on this subject will 
no doubt prove beneficial to the reader, as it will serve 
to enlighten those who are not so f amilar with the subject 
and is necessary for an extended study of wireless 
telegraphy. 

In Chapter II the operation and the parts necessary in 
the construction of a spark coil was explained and the 
reader is advised to refer to this chapter, as the construc- 
tion of all spark coils is the same, the difference existing 
in the amount of insulation and the dimensions of the 
various parts used. 

The most difficult and puzzling part which will arise 
before the layman in the construction of a coil is the 
winding of the secondary. This necessitates very deli- 
cate handling and careful work to get good results. To 
attempt to wind the secondary by hand would prove a 
very tedious job as the small size coils contain several 
miles of wire and it is next to impossible to make the 
respective turns run smooth and even, rendering the 
wound portion unsightly, and in the end giving bad re- 
sults, as the uneven turns will allow of ''air spaces" 
which frequently cause the ** breakdowns," as explained 
farther on. 

For winding the amateur will find the turning lathe 
excellent, as a good, steady speed can be maintained, 
which turns out a neatly wound section. The turning 
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lathe, however, is not an adjunct to every amateur's 
laboratory and other means of winding must be supplied. 
The winding machine described here is very simple in 
construction and will wind sections for coils up to the 
10" size. 

In winding the sections it is best to provide means 
whereby a certain portion of the insulating substance is 
placed on the wi^e as the winding proceeds. This will 
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serve to hold the wire in place while the section is being 
handled and impart superior insulation to it. Several 
kinds of insulating substances are used, parafBne wax the 
most common and easily handled. The method of apply- 
ing is given in the following description and illustrated 
in Pig. 20: 

As shown in the figure we have a wood frame made up 
of strips and mounted on the base K. The height and 
dimensions of the various parts are of only momentary 
consideration, leaving the dimensions to the constructor's 
means, but retaining the same working features. 
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A represents the original spool of magnet wire, held 
in the top comer of the frame by a bolt run through its 
central hole and the strips. Common spools B-C-D are 
mounted on the frame as shown, their purpose being 
to guide the magnet wire through t>ie parafiine wax solu- 
tion and to the section former at E. A drive wheel F is 
placed on the frame and boJted to the small wheel 
which is mounted on the same bolt as the section 
former E. The smaller drive wheel is shown at E. 
The parafiine wax receptacle is shown at G and con- 
sists of a small tin bucket placed inside the larger one H, 
and separated from it by water poured in the space be- 
tween the two. The alcohol lamp at I serves to keep the 
two in a boiling state while the water serves to keep the 
paraffine from becoming overheated and catching fire. 

Considering that the secondary for a one-inch coil is 
desired we turn to the table of dimensions, appended at 
the last of this chapter, and find that 1^ pounds of No. 
36 S. S. C. magnet wire is necessary for the complete 
secondary, wound in four sections. As the total distance 
between the coil heads is 5%" this will allow 1 9/16" for 
the thickness of each section. 

The reason for winding the coil in sections, is that the 
current which is induced in the secondary runs up in the 
thousands of volts and it is a well known, fact that the 
electric current; like running water, seeks the lowest path 
of resistance. Unless the precautions were taken of well 
insulating and dividing the secondary up in sections the 
current would naturally seek the lowest path of resist- 
ance, which would be directly across the secondary wind- 
ing. What is known in the technical phrase as a ** break- 
down" has now occurred, which destroys the efficiency of 
the coil and makes a complete rewinding of the coil 
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necessary. In fact, the "breakdown" is a "nightmare" 
to coil users and every factor in insulating, which is the 
only remedy, should be used against it. By dividing up 
the coil in sections each section will be made capable of 
carrying the current load and delivering to the secondary 
terminals. The number of sections to use will depend on 
the size coil in view. Fof instance, in the table we note 
that 6 sections are necessary for a 3" coil, the number 
increasing as the length of the spark. 



?lK. 21. Section Ponner Bad Manner ol Holdlnc. 

For winding the individual sections, a device known 
as the section former is needed, and is shown in Fig. 21. 
The former consists of two brass plates A-A, about four 
inches in diameter, with holes drilled in the center large 
enough to slip over the bolt E. A second small hole is 
drilled in one of the plates as shown at B. The wood 
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disc C, which is placed between the two plates, should 
have the same diameter at the smaller end as the in- 
sulating tube over the primary winding and y^' larger 
at the opposite end. The wood disc is made in this shape 
in order that it may be slipped from the wound section 
without disarranging the winding. 

To begin winding draw the end of the magnet wire 
'from the spool A around the guiding spools B-C-D up 
to the section former E and here lead through the small 
hole B, taking several turns around the bolt to hold the 
wire in place. Considering that the paraf5[ine wax is in 
a boiling state, the crank handle of the wheel F is turned 
so that a fairly good speed is att^^ined at the small drive 
wheel of the section former E and the wire guided as 
evenly as possible over the space by hand until th^ esti- 
mated amount has been wound on, which in this case 
would be 6 ounces, or one-quarter of the total amount. 
The only reliable method for determining the amount of 
wire wound on the section is to weigh the spool before 
the winding has been started and after a certain amount 
has been wound on, the difference between the two 
weights giving the amount on the section. To remove the 
section unscrew the taps and slip the bolt from the sup- 
porting strips. 

The taps which hold the brass' plates in position are 
now unscrewed and the plates taken froni the sides of the 
sections next pushing the wood disc from the center. 
This section is marked No. 1 and laid aside. 

In winding the next section the plate w^ith the small 
hole B cut in it is faced in the opposite direction. That 
is, if this plate was to the left hand side when the first 
section was wound, face to the right for the second. This 
\& necessary to make the sections coincide when connect- 
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ing up. The third section is wound with the former 
facing in the same direction as the first, and the fourth 
same as the second, following this method throughout 
for winding any number. Each section should be marked 
as to its respective number when taken from the former. 

The sections are next boiled out in linseed oil for at 
least one hour. This will drive out all traces of moisture 
and fill up the superfluous spaces, caused by irregulari- 
ties in the winding. This same rule for boiling out in 
linseed oil will apply to all size coils, as the linseed oil 
provides an excellent insulating substance and it is sel- 
dom that a ** breakdown" occurs where it is used. 

In assembling the sections the inside terminals of each 
pair are connected together by twisting and soldering. It 
should be noted that the sections connect up so that one 
continuous winding is formed. In assembling, the sec- 
tions should be separated from one another with four 
sheets of parafi&ned filter paper, which has been cut to 
the right diameter. In larger coils thin, hard rubber 
sheets are used for this purpose ; however, paraflSne paper 
will answer in coils up to the 4" size. At this- point it 
will also be of interest to note that in the large coils a 
different method is used in the winding. The sections 
which are to be used near the end of the secondary' are 
wound with a lesser portion of wire and the diameter 
of the central hole increased. The extra space between 
the insulating tube and the central hole of the secondary 
is filled in with parafSne wax or some other insulating 
medium. This method of winding proves necessary as 
the greatest potential strain exists at each end of the sec- 
ondary where the wires lead up to the terminals, and as 
the iron core is located in near proximity to the point of 
greatest strain, it is therefore necessary to increase the 
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insulating qualities at this place, or otherwise the current 
would break across to the more conductive path of the 
iron core. 

Slightly different rules are observed in winding coils 
for wireless use. No. 32 wire is usually employed in the 
secondary in place of the 36. The reason for this in- 
crease in size was partly explained in Chapter II. To 
restate, the energy radiated from a coil wound with fine 
wire is very low, yet the spark is much longer than it 
would be if the same coil was wound with the heavier 
wire. The second type of winding, however, gives a fat, 
hot and burning spark and radiates a large amount of 
energy. As an evidence of this fact, the writer has held 
communication up to a distance of 15 miles with a two- 
inch coil (spark length), and over this same distance an 
X-ray coil, giving a spark 6" in length, failed to give any- 
thing like satisfactory results. A second advantage in 
using the larger wire is in the cost — and also in the insu- 
lation used. Where the No. 32 wire is employed the num- 
ber of sections can be cut down at least one-half, as the 
larger size wire offers a better conducting surface, and 
therefore requires less insulation. 

Equally as much care should be used in the construc- 
tion of the other parts, for the spark coil, as true with 
other electrical apparatus, **is no stronger than its weak- 
est part." * 

From, the explanations which have been given the 
reader should be able to construct almost any desired 
size coil. By exercising care and patience the con- 
structor may rest assured that the results will be satis- 
factory. The table of dimensions of various size coils is 
appended herewith and a description given of the various, 
other instruments used in connection with the coil: 
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DIMENSIONS OP SPARK COILS PROM THOSE GIVING %-INCH 

UP TO THE 4-INCH SIZE. 





X 


1 


1>^ 


2 


8 


4 


A 


er 


IV 


8" 


r 


ir^ 


10^^ 


B 




r 


1" 


V 


ir 


1 ^^^ 


C 


18 


18 


16 


14 


14 


14 


D 


r 


ir 


18// 
l-ff 


11// 


ir 


ir 


E 


li 


ir 


ur 


ir 


2^^ 


2r 


F 


2V' 


3" 


sr' 


sr 


4^^ 


sy 


G 


4i" 


51" 


er 


»7l// 
'7 


9^^ 


f7// 

1 


H 


2 


4 


4 


6 


6 


30 


I 


lib. 


lilb. 


2 1b. 


2ilb. 


3ilb. 


4ilb. 


J (total in sq. m.) 


700 


1000 


1500 


1800 


2300 


3000 



DIMENSIONS OP SPARK COILS FROM THOSE OF THE 6-INCH 

UP TO THE 12-14-INCH SIZE. 





e'' 


8-10" 


12-14" 




• A 


ir 


17" 


18" 




B 


IX'' 


IX" 


ur 




C 


4 lb. 


7Xlb. 


81b. 




D 


12 


12 


12 




E 


IX'' 


2" 


2tV' 




F 


2X" 


2X" 


Ol 1 




G 


4" 


6" 


6 to 7"" 




H 


38 


48 


48 




I 


9" 


12" 


14^^ 




J 


6Xlb. 


91b. 


151b. 




K 


4000 


8000 


10,000 



Note: — The dimensions of spark coils vary with the 
majority of manufacturers. The above tables are taken 
from the '^English Mechanic" and have been compared 
with the tables of several makers, and according to the 
writer's opinon the above dimensions are the most re- 
liable for general use. 
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The explanation of the letters is as follows: 
Letter. 

A — ^Length of core. 

B — Diameter of core. 

C — Gauge of primary wire. 

D — Internal diameter of insulating tube. 

E — External diameter of insulating tube. 

F — ^Approximate diameter over secondary winding, 

Gr — Distance between coil heads. 

H — ^Number of sections in secondary. 
I — Quantity of secondary wire. (Size No. 36 S. S. C.) 
J — Total number of sq. ii^. of foil used in condenser. 



Explanation of letters as used in second table : 

A — ^Length of core. 

B — Diameter of core. 

C — ^Weight of core. 

D — Gauge of primary wire. 

E — Internal diameter of insulating tube. 

F — External diameter of insulating tube. 

G — ^Average diameter of secondary sections. 

H — Number of sections. 

I — ^Distance between coil heads. 

J — Quantity of second wire. (No. 36 S. S. C.) 
K — Condenser. Total aCrea of foil. 

If the coil is to be used for wireless telegraphy the 
dimensions of the core should be slightly increased. No. 
32 wire should be used in the secondary in place of the 
36 and the amount increased one-quarter above the 
amount given in the tables. 
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VIBRATORS AND INTERRUPTERS. 

' The type of vibrator shown and. explained in Fig. 15 
proves very efficient for the small size coil, but is useless 
for those above the 2" spark, as the heavy primary current 
which is used with the larger coils soons melts the plat- 
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Fig. 22. Sectional View of Improved Vibrator. 



inum and **pits" the surface, thereby increasing the re- 
sistance and reducing the primary current flow. This 
causes a weak and irregular spark, which can best be 
eliminated by the addition of one of the improved vibra- 
1x)rs, as shown in Fig. 22. 
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In order to get the maximum results from the coil the 
vibrator should work at a good speed, yet allowing suffi- 
cient time at each make for the current to flow around the 
primary winding and fully magnetize the core. The 
break -should be made very sudden in order that a full 
discharge may be made across the secondary terminals. 
In fact, the main working points of a vibrator is that 
it should have a long make and quick break. 

The vibrator illustrated in Fig. 22 combines all the 
features named above and will give excellent results 
when used with the larger size coils. The exact dimen- 
sions of the parts are not given as this will depend on 
the size coil with which the vibrator is to be used. How- 
ever, the working parts are. shown and the amateur 
should have very little difficulty in constructing and as- 
sembling the parts. 

The end of the core is shown at A and the complete 
vibrator comprises the rest of the figure. B is a soft iron 
disc mounted on the end of the spring C, with an aux- 
iliary spring D mounted on the main spring and screwed 
to the metal block E. The tension of the auxiliary spring 
is controlled by the screw I, which works loosely through 
it, to the main piece C. 

The brass standard H holds the screw G, which has 
the platinum contact F on the end, and makes contact 
with the platinum on the spring D. 

When the soft iron disc B is attracted by the core A, 
it goes forward until the head of the screw I hits the 
second spring and breaks the circuit. The magnetic pull 
now ceases to exist and the screw which works loose in 
the slot allows the disc to fly back a considerable dis- 
tance before the magnetic pull comes in effect. Thus the 
core is energized during the backward and forward mo- 
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tion of the spring C and until the screw I hits the second 
spring, which breaks the circuit, giving the long make 
and quick break. 

Independent Vibrators. Vibrators used with some 
coils are known as the independent kind and are not 
operated by the magnetic action of the core, as previousiy 
explained, but by a separate coil which is included in the 



Us. a. iDdependebt vibrator. 



primary circuit. The main features claimed for this 
type is the large range of adjustment whicl* allows it to 
be used with almost any size coil. Such a vibrator is 
ehown in Pig. 23, which combines, with the exception of 
the separate coil, the same working features as the type 
in Pig. 22. 

Mercury Interrupters. Mercury, interrupters are of 
numerous different kinds and types. Probably the most 
simple is the English kind, which consists of a triangle- 
shaped metal sheet mounted on the shaft of a smaD 
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motor, which revolves at a high speed and cuts the cor- 
ners of the triangle sheet in and out of a pot of mercury 
placed directly under it. The circuit is completed 
through the shaft of the motor and the pot of mercury. 



Hk. S*. Wehnelt Intemititer. 

Wehnelt Interrupters. The Wehnelt interrupter 
shown ia Fig. 24 is at once the most simple and efficient 
kind for general laboratory use. Excellent results are 
had when the proper adjustments are made. The Wehnelt 
interrupter consists of a platinum point and a lead plate 
immersed in a dilute solution of sulphuric acid, the 
positive side of the circuit being connected to the plat- 
inum electrode and completed through the primary of the 
coil, which is connected to the lead plate. The interrup- 
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tions with this type of interrupter are extremly high, 
ranging from 100 to 1,000 per second. The coils used 
with this type of interrupter should be of the best in- 
sulated kind, as otherwise the rapid breaks will soon 
cause a breakdown in the secondary winding. In the 
type shown in Fig. 24 a tube is introduced in the jar 
through which water is circulated, keeping the solution 
cool. 

Condensers. There is quite a number of types of con- 
densers in use. One of the most easily constructed and 
cheapest kind is the paper type, which is used to a large 
extent across the vibrator contacts of small size spark 
coils. The paper type, however, proves useless for high 
tension work, as the paper insulating medium, or better 
known dielectric, is not capable of withstanding the high 
voltage, and in consequence the paper walls are pierced, 
which short circuits the current energy. To withstand 
the high tension currents a condenser with a dielectric 
of high insulating properties is necessary, of which glass 
is the most commonly used. The usual form of condenser 
employing glass as the dielectric is the Leyden jar, and 
is simply a glass jar coated to within three-quarters of 
the total height, inside and out, with tin foil. A second 
type that has been adopted to a large extent for wireless 
use is made by coating the opposite side of glass plates 
with the foil and placing in a suitable rack with contact 
points. This type is more portable than the Leyden jar 
kind and will allow of a very fine range of adjustment. 

Among the other types in use are those where metal 
plates are separated by air, immersed in oil, placed in 
vacuum. Some special features are claimed by the mak- 
ers of the different types, yet in actual working very lit- 
tle difference is noted. 
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Transformers. Transformers are now coining into 
wide use for wireless telegraphy and are found in the 
majority of the commercial stations. The advantages 
which the transformer holds over the spark coil are nu- 
merous and the entire points of favor would be too- 
lengthy to be pointed out here. 



HOA.C. 




Leyden 
Jars, ETC. 



FiflT. 25. Showing Plan Used in Constructing a Closed Core Transformer. 



However, it may be stated that a wide difference exists: 
in the cost. As an illustration we can take the ordinary 
8" spark coil, which usually costs in the neighborhood of 
$80.00, and this coil when used for sending would prob- 
ably work up to fifteen miles. A 250-Watt transformer 
costing $35.00 would send up to twenty miles and with 
far better results than the 8" coil. Irt is considered that 
the coil mentioned above is of the ordinary X-ray kind,, 
which is the type usually on the market. 

The transformer can only be used where the required 
voltage (110 alternating) is at hand, and for a number- 
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of purposes, such as short distance experimenting, the 
spark coil is more desirable, as the expense in this case 
would be at a minimum. Among its other features the 
transformer does not include the delicate working parts 
such as the vibrator, condenser, etc., which are necessary- 
adjuncts to every spark coil. 

Transformers are of two general types, the closed core 
and the open core. In Fig. 25 is shown a sketch of the 
closed core type which comprises the primary winding 
of a few turns of heavy wire around the core, and the 
secondary winding of a large number of turns of small 
wire. The core is built up of soft iron sheets. The cycle 
of changes which takes place in the operation of the 
transformer is the same as for the induction coil with the 
exception that A C current is used and the natural rever- 
sals of the current cause the inductive discharge, thereby 
eliminating the use of the vibrator. 

The opened core is identical with the primary and sec- 
ondary of the spark coil in winding; the dimensions, 
however, are increased bojth in the amount of the primary 
wire and the amount and size of the wire used in the 
secondary. 



CHAPTER V. 

TUNING IN WIRELESS TELEGRAPHY. 

Hertz in his original experiments found that his 
'* Feeler" or detector, such as it may be termed, would 
have to be of a certain length before it would respond to 
the waves sent out by his resonator. From this fact and 
other experiments it was realized that all Hertzian waves 
are of some definite length, this length varying in propor- 
tion to the size of spark coil used and the amount of 
capacity included in the circuit. And the ** Feeler" 
would have to be tuned or syntonized to this length be- 
fore satisfactory indications were had. 

In the analogy of the Ley den jar we have a straight 
steel spring with one end locked in a vise and one end 
left free. If a second spring locked in the same manner 
but of a greater length is brought near the first, and the 
first one started in vibration, the longer spring will pick 
up a certain portion of the sound waves and respond 
weakly. However, if we regulate the two springs until 
they are of the same length and one started in vibration 
the second will respond with the same musical note. 

This same operation is had in wireless telegraphy. 
Waves are set up in the ether by means of the spark coil 
and oscillator, and the waves Sre in turn controlled by 
the tuning device. At the receiving end a second tuning 
device is employed, which is regulated until it responds 
to the same length of wave as sent out from the trans- 
mitting coil. Tuning is desired not only for the more 
efficient working of the system but secrecy as well. 

49 
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Sir Oliver Lodge made the first applications of tuning 
and since that time constant developments have been 
made and at the present time several stations can work 
in near proximity to one another without interference, 
each station setting its wave length to the station de- 
sired to communicate with. However, tuning has not yet 
been developed to the point where absolute secrecy is 
had, for any station with a tuning device could cut in. 
and listen. The open circuit set such as described in 
chapter 2 will pick up signals from any station, and in 
this case, what is known as ** forced oscillations,'' take 
place, as the receiving end is forced with the incoming 
wave. The open circuit set, however, will not pick up 
the signals from distant stations or give as clear indica- 
tion as the tuned set. 

The main objections to the open circuit system as de- 
scribed in chapter 3 and originally employed by Marconi, 
is that the wave set up dies down very quickly and con- 
sequently is not suitable for long distance use. To ex- 
plain this more clearly let us consider that a rock is 
dropped in a still body of water. This causes a dis- 
turbance in the form of waves which spread out equally 
over the surface and constantly die down as the dis- 
tance increases. 

The oscillations surging up and down the aerial strike 
such electrical blows on the ether, which spreads out in 
the form of the Hertziaij waves and is picked up by the 
distant receiving end. The stronger the sending end the 
greater the disturbance and the distance covered. In the 
open circuit set the secondary of the spark coil is con- 
nected directly to the aerial and ground. Hence, the 
length of the aerial may be too great or too short for the 
amount of energy radiated from the coil and the oscil- 
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lations are quickly damped out, giving very little indica- 
tion at the receiving end. In the operation of tuning the 
energy from the coil is set in harmony with the length 
of the aerial and as all parts are in harmony the maxi- 
mum results are had. The tuned set is commonly known 
as the ''closed circuit set." 

The Tuning Coil for the Sending End, The tuned set 
complete comprises a battery of Leyden jars connected 
across the spark gap of the coil through the tuning coil. 




^C 
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Fig. 26. 'Toned Wireless SeDdiDg Oircnit. 



In I^ig. 26 is shown the complete arrangement: P rep- 
resents the primary of the coil or transformer, S the 
secondary, B the condensers, C the tuning coil, and A the 
spark gap. The tuning coil is simply a few turns of heavy 
wire wound on a hard rubber or polished wood frame. The 
coil is now known as an inductive resistance. Direct cur- 
rent will flow through such a resistance impeded only by 
the natural resistance of the wire, which is very small. 
However, when the high tension alternating current flows 
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through such a winding the rapid alternations set up 
little waves of magnetism around the wire, which opposes 
the current flow and makes the resistance offered to the 
alternating current very high, consequently quite a large 
range of regulation can be had by winding only a few 
turns of wire on the frame. 

A very good size of tuning coil can be made for ex- 
perimental use by winding 10 turns of No. 8 tinned 
copper wire on a frame 10" high and 12" in diameter. 
This type is shown in Fig. 27. The exact size given here 
can be changed, as almost any type will answer. 

The Leyden jars, considering that this type of conden- 
sers are to be used, are connected as shown in the figure. 
The number of jars to use will depend on the strength 
of the induction coil or transformer and the number of 
turns in the tuning coil. However, a very good plan to 
follow out is to connect 10 jars in the circuit, decrease 
and increase this number, also connecting to the different 
portions of the tuning coil until the best results are had. 

By referring to Fig. 26 we see that the lead from the 
Leyden jars to the tuning coil has the arrow ^tip. This 
indicates that this is made of flexible cord, provided with 
clamp connection so that any portion of the tuning coil 
may be connected in the circuit to increase or decrease 
the capacity. Like contacts are provided for the aerial 
and ground, as it is also desired that these two be con- 
nected to the different portions of the frame. 

In operation the key is pressed which sets up trans- 
forming action between the primary and secondary of 
the coil. The high tension current flows through the 
inductive resistance and begins charging the condensers. 

One side of the condenser takes up the majority of the 
charge until the potential strain becomes too great and 
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the discharge across the spark gap takes place. When 
this discharge takes place an oscillatory chargihg action 
is the resultant continually surging backward and for- 
ward until a state of rest is reached. This action of the 
Leyden jar has been fully explained in Chapter II. It is, 
of course, evident that in the meantime the vibrator of 
the coil is in operation and the condensers are continu- 
ally charged. 

As the closed circuit set and aerial are in harmony the 
aerial will take up the oscillations and radiate with the 
maximum results. The oscillations in this case are known 
as ** sustained," deriving this word from the fact that 
the condensers charge and recharge, ranging from the 
maximum to zero, and during this period of action send 
an oscillation of like character surging up and down the 
aerial. The disadvantage of the open circuit set is obvious 
when we consider that the indication is set up by on6 
** crash" of the spark coil, which has none of the ** sus- 
tained" features as evident with the ** closed circuit" 
set. Hence, the difference between the closed circuit and 
the open circuit set in working, is that the closed circuit 
set sends out a sustained oscillation which is capable of 
breaking down the more distant indicating device and is 
susceptible of tuning; whereas, the open circuit set has 
none of the above features and is only suitable for 
experimental work. 

The Tuned Receiving End and Tuning Coil. The 
tuned receiving end is simply the detecting device pro- 
vided with suitable instruments for setting to the same 
wave length as the sending end. The instruments which 
comprise the complete set are as follows : The detecting 
device, the telephone receiver, the battery, the potentio- 
meter, the tuning coil and condensers. The complete set 
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and how it is connected in relation with the various 
instruments is shown in Fig. 28. Of the instruments, 
the tuning coil will first be taken in consideration. The 
receiving tuning coil differs broadly from the sending 
coil. The sending coil is made of a few turns of heavy 
wire, while the receiving coil is made of a large number 
of turns of very small wire. The tuning coil is shown i^ 
Fig. 29, and it will be noted that two sliding contacts 
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Fig. 28. Tuned ReceiviDg Circuit with Liquid Detector. 



are provided, which work up and down the frame, 
throwing in more or less of the turns of the winding. A 
scale is usually provided over which the contaots work, 
thereby indicating the number of turns used for receiv- 
ing from a certain station. The tuning coil in size is 
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usually about 10" in diameter and 12" to 14" high, wound 
with several hundred turns of wire. 

Taken approximately each turn of wire will represent 
a wave 4 meters in length and if wound with 110 turns 
of wire it will be adjustable up to a wave 440 meters in 



Fig. 29. TuDing Coll wltb Slide CoDtuct. 

leng^th. There is quite a variety of methods for con- 
necting up the tuning eoil with the other instruments; 
the plan shown in Pig. 28, however, will be found simple 
and easy to use. 

The condenser F is made by building up with 
three or four sheets of tinfoil 2" by 4" in size, and 
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separating with parafl&ne paper. The detecting device A 
is the liquid detector which will be described in operation 
here, the actual construction being taken up in a later 
chapter. The telephone receiver B is of the double head- 
band high wound type, as it is only with this type that 
good results can be had. The potentiometer D should 
have an approximate resistance of 300 ohms, while the 
battery C is of the ordinary dry cell kind. 

The regulation of the set for sensitiveness lies in the 
adjusting of the detector A, and the potentiometer D, 
which controls the battery current C. This does not set 
the receiving end in tune with the sending end, which is 
a different operation, and will be taken up at a later 
point. To more fully understand the adjusting of this 
set a short description of the liquid detector will be 
given. The liquid detector consists of a small Wollaston 
wire, about .0004 in size, mounted in a slit cut in the end 
of a thumb screw, the thumb screw working through a 
metal standard. Directly under this standard holding 
the Wollaston wire, is placed a glass cup with a platinum 
contact wire sealed therein, also a dilute solution of 
nitric acid. To adjust, connect up as shown, and place 
the head receivers to the ear, run the variable contact 
of the potentiometer out to the last turn and turn the 
thumb screw which holds the Wollaston wire in the slit 
until it tips the solution. At this point a roaring noise 
will be heard in the telephone receiver. Begin bringing 
the variable contact of the potentiometer in to the center 
until the noise ceases. The detector is now at the critical 
point and is ready to receive. The adjustment can still be 
made more sensitive after the set has been put in use 
and the operator learns the more essential features, as 
the adjustments arisinsr from necessity will give clearer 
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idea of the operation -than by any other method. How- 
ever, at this point the adjusting of the instruments can 
be stopped and the operation of tuning the sending and 
receiving sets taken up. 

Tuning, The tuning is first begun by getting the 
proper adjustment of the sending end. Considering that ' 
all connections have been made at the sending end, as 
shown in Fig. 26, the first move is to place the lead from 
the condenser on the fifth or middle turn of wire of the 
tuning coil. The aerial and ground contacts are, con- 
nected to the top and bottom turns of the coil. Press the 
key and note the character of spark which jumps the 
gap, the gap being separated a distance of 14" to ^", 
depending on the strength of the coil or transformer. If 
the spark breaks cross the gap fat and heavy, with a 
crackling noise, the set is working at the maximum 
point ; however, it will be well to continue adjusting, as 
still better results may be had. In some cases where the 
spark gap has been made too short a noiseless arc will 
flow across it, which radiates no energy from the aerial. 
To remedy, increase the length of the spark gap and in- 
clude one more turn of the tuning coil in the circuit by 
carrying the contact one turn higher. 

The aerial and ground are connected to the different 
turns of the coil; the variable lead from the condenser 
connected to the different turns ; the length of the spark 
gap varied and the number of condensers in the circuit 
increased and decreased until the spark breaks across 
the gap with the desideratum given above. After put- 
ting the set in use the operator will find the point at 
which the set works best can be determined by the char- 
acter of spark across the gap. In fact, this method is 
largely used by commercial operators. 
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When the above adjustments have been made the op- 
erator can begin setting the receiving tuning coil to the 
same wave length as the sending. The tuning can be 
more accurately accomplished by use of the hot wire 
ammeter. The hot wire ammeter derives its actioii from 
a coiled wire, which is inside of the instrument, and 
heats as the electrical current passes through, thereby 
contracting and elongating the wire, the wire in turn so 
arranged that it moves an indicating needle over a scale. 
The ammeter is introduced in the aerial wire and the 
surging of the oscillation through the winding moving 
the indicating needle. The sending set is now worked 
and adjustment carried on until the indicating needle 
rests at the highest value. At this point the aerial ra- 
diating wire is in tune with the oscillating circuit. A 
more simple method, but hardly so reliable, is .had by 
introducing a Geissler tube in the aerial in place of the 
ammeter. The writer is indebted to Mr. H. Gemsback 
for this plan. 

As a well known fact the Geissler tube lights up when 
an oscillating current surges through it, and such tubes 
offer comparatively small resistance to an oscillating cur- 
rent. The adjusting is carried on the same as for the 
hot wire ammeter until the tube lights up at the brightest 
point. It is advisable to use at least three tubes of con- 
stantly increasing size, introducing the smaller tube first, 
then the second, and lastly the third, continuing the ad- 
justing all the way through, and when the third tube is 
made bright, a very high degree of syntony is had. 

Of the above methods the first is^ of course, more re- 
liable and sensitive, but, owing to the expense attached, 
the second method will be adopted. The final adjusting 
of the sending end has been made and the remaining op- 
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eration is to set the receiving tuning coil to this same 
wave length where the maximum results will be had. 

Taken approximately, the wave emitted from any- 
ordinary closed circuit sending set, is four times the 
length of the aerial in meters. Hence, with an aerial 30 
meters in height, the wave emitted will be 120 meters. 

For this wave to produce the best results at the re- 
ceiving end, the receiving tuning coil should be set to 
where it responds to a wave of 120 meters in length. 
As previously explained each turn of winding on the tun- 
ing coil represents a wave 4 meters in length ; therefore, 
the aerial lead should be set on the thirtieth turn of the 
tuning coil, which will be approximate to a wave 120 
meters in length. 

However, this plan alone will not serve to set the two 
in sharp syntony. The operator at the sending end should 
send out some predetermined signal of, say, the letter M, 
at certain intervals. The operator at the receiving end 
moves the slide contacts over the tuning coil and changes 
the other adjustments until the point is reached where 
the clearest indications are had. This should be repeated 
several times in order that the best adjustments will be 
had. 

While the above method is not the most approved in 
general use, yet it proves very easy to carry out, and is 
within the reach of the ordinary experimenter. The 
other methods in use combine quite a lot of theoretical 
matter, which only serves to puzzle the layman, and the 
increased results are small. 



CHAPTER VI. 

« 

DETECTORS AND DETECTING INSTRUMENTS. 

The coherer originally invented by Branly, improved 
on and put in practical use by Marconi, has had only 
slight improvements since its introduction. Among the 
leading wireless systems the coherer has become almost 
obsolete ; the only system at the present employing it for 
commercial use is the Slaby-Arco. As the Slaby-Arco 
coherer is of the most improved type it can be taken 
as the standard. This coherer consists of two plugs in- 
serted in a glass tube and exhausted. By sealing the 
plugs in the exhausted tube oxidization of the filings is 




Fig. 30. Improved Type of Slaby-Arco Coherer. 

prevented to a certain extent. The inside" ends of the 
plugs are of a sloping shape wliich will allow of different 
adjustments to be had by revolving the tube in the fin- 
gers. Platinum wires are soldered to the ends of the 
plugs and led out of the tube. The filings employed are 
of the oxidized nickel silver alloy which have been found 
to give excellent results. 

The main feature of the Slaby-Arco coherer is that 
it can be employed with the Morse register, thereby giv- 
ing a written record of the incoming signals. However, 
in operation the coherer is more sluggish than the self- 
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restoring types, such as the liquid detector, and less 
sensitive. When used in connection with the Morse 
register the coherer is especially slow in operation, its 
sufficient time has to be allowed between each dot and 
dash for the decohering action to take place, allowing 
the inker of the register to arise from the tape. This 
requires very careful adjusting. In case the incoming 
signals are rapid and the decoherw works slow, a con- 
tinuous mark will be made on the tape. 

The adjusting and operation of a simple coherer was 
given in Chapter III and need not be repeated here. 

The coherer receiving set is recommended to all taking 
up the study of wireless, as with it, the essential features 
of accurate adjusting so necessary to the operation of 
wireless instruments is brought out and will prove bene- 
ficial later on. 

The coherer can also be used for exhibition purposes 
in wireless, such as the lighting up of miniature lamps, 
starting motors, firing cannons, etc. The circuit of 
such a set is shown in Figure 31 and consists of the fol- 
lowing parts: Metal filing coherer A, battery B, relays 
C and D, battery E, which operates the decoherer F, bat- 
tery G, which operates the miniature lamp motors, etc. 
The relays C and D should be accurately adjusted, of 
the same resistance, and exert the same tension on the 
bronze springs of the respective coherers; the bronze 
spring in turn controlling the armature that closes the 
second circuit. 

In operation the incoming signal ''coheres" the fil- 
ings and allows the battery current to flow through, 
thereby attracting the armatures of the relays C and D 
and closing the second circuits. The decohering device 
will start in operation and continue so long as the key 
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is pressed at the sending end. If the handle of the key 
H is set on one of the points, the instrument connected 
to this point will start in operation as well. By press- 
ing the key ^t the sending end and running the handle 




Fig. 81. Wireless Telegraph Exhibition Set. 
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over the points, the various instruments will be cut in 
the circuit and different effects produced. 

For the successful working of coherer receptors the 
following suggestions will prove of value: 

Be sure that the filings are perfectly dry before plac- 
ing in the tube, and never touch with the fingers. 

Have the ends of the coherer arms well amalgamated. 

Screw all nuts down well. 

In closing, it is recommended that the operator study 
the adjusting and operation of the instruments, and ob- 
serve the rules as given previously. 

The Liquid Detector. — ^We now come to the liquid 
detector invented by Prof. R. A. Fessenden, and which 
is one of the most sensitive recepting instruments known.. 
It may be said that the liquid detector brought about a 
broad change in wireless telegraphy, as the coherer and 
other types were limited in their working distance and 
slow in operation. From the data that the writer has 
at hand, the liquid detector has proven the most sensi- 
tive detecting instrument in use and has been adopted 
to a large extent. However, there are other more simple 
and easily handled types which will be described in this 
chapter. 

As explained in the chapter on tuning, the detector 
consists of a small platinum wire tipping the edge of 
an acid solution, the acid solution being placed in a glass 
cup with a second platinum contact sealed therein. This 
detector is known as the self -restoring type and conse- 
quently it does not have to be tapped in synchronism with 
incoming wave. The resistance of the detector is very 
high, but is reduced slightly by the incoming wave im- 
pinging on it; this reduction in resistance, however, is 
not great enough to allow suflScient current to flow 
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through it and affect the relay, therefore we employ in 
connection the detector, the most sensitive known re- 
corder of the electric current or the telephone receiver. 
As the detector is self restoring, and the telephone 
receiver likewise, we have a combination in the two that 
will respond to signals as fast as can be sent. 




Fig. 32. Simple Type of Fessenden Detector. 

The detector is shown in Figure 32 and consists of the 
wood base A, the glass cup B with the platinum contact 
soldered in, the thumbscrew holding the WoUaston wire 
D in the slit, the metal standard E, the binding posts 
F-F. In construction the detector is very simple and 
the dimensions are as follows: Wood base 5" by 3" in 
length and width and y^ thick, metal standard E y^^^ 
wide, %" thick bent to the shape shown and standing 
about 1^" clear of the base, glass cup B y^ in diameter 
and %" high, with platinum wire soldered in, screw 
C 1" long with slit cut in end and of very fine thread, 
Wollaston wire D ^4" long, .0004" diameter, electrolyte 
to be placed in cup 20% solution of nitric acid. 

A simple receiving set for experimental work is shown 
in Figure 33 and consists of the detector A, the tele- 
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phone receiver B and battery C. The positive pole of 
the battery should always be connected to the terminal 
which leads to the platinum point, as otherwise the de- 
tector is inoperative. The adjustment is made by turn- 
ing the thumbscrew until the WoUaston wire tips the 



/N 




Flgr. 33. Circuits of Simple Receivingr Set. 



solution. The roaring noise will be heard in the tele- 
phone receiver and the dots and dashes of the code will 
come in the form of a short or long buzz, as the indica- 
tion may be. The depth to which the point is immersed 
in the solution will also affect the sensitiveness, the ex- 
act depth being best determined by actual experiments. 
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A second type of liquid detector is shown in Figure 
34. In this type the WoUaston wire is sealed in the end 
of a small glass tube, the tube and point ground off 
flush with one another. The tube is next run through a 
hole in the center of a cork, the cork having a second 
small hole run through it for the escapement of gases 
from the solution. The cork is now placed in the mouth 
of a second tube which contains the electrolyte and con- 
tact, as shown in the figure. Mercury is poured in the 




Fig. 34. Second Type Liquid Detector. 



tube holding the WoUaston wire and a coiled wire run 
from one of the binding posts and the exposed end placed 
in the tube with the mercury, thereby making contact 
with the point. 

Action op the LiQuro Detector. — The action which 
takes place in the operation of the liquid detector is very 
interesting and when once made clear is easily under- 
stood. When the current from the battery in the circuit 
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flows through the liquid detector what is known as polar- 
ization is set up. This polarization is simply the libera- 
tion of oxygen at the anode, caused by the electric cur- 
rent decomposing the solution. The polarization con- 
tinues until sufficient oxygen has accumulated at the 
Wollaston wire and insulates it from the solution, there- 
by stopping the current flow. The detector is now at the 
critical point and a slight increase in the current, such 
as an incoming wave, would break down this insulation 
and allow the current from the battery to flow through 
it and the telephone receiver, the receiver giving the in- 
dication so long as the incoming wave breaks down the 
insulating resistance. This action, however, is seldom, 
had with good results when the circuit as shown in 

m 

Figure 33 is employed. The local battery in this case 
will usually keep the insulation broke down around th^ 
anode and the roaring noise in the receiver is the result, 
and a loss of sensitiveness. To overcome this the poten- 
tiometer is introduced in the circuit as shown in Figure 
28, and the current so regulated that the detector re* 
mains just below the breaking point. The receivers are 
now silent until the incoming wave breaks down the in- 
sulation as explained. 

Marconi Magnetic Detector. — The magnetic de* 
tector was first put in use by Rutherford. His detector^ 
however, was very crude, but was improved on by Mar- 
coni and is the type described here. The detector proper 
consists of the following parts: A small induction coil 
with the usual primary and secondary winding ; however, 
the primary is wound over a small glass tube in place of 
the usual iron core; a soft iron wire that moves con- 
tinuously through the tube over which the primary is 
wound, the wire being held in place in the slot of two 
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wheels and revolved by clockwork or motor; a perma- 
nent horseshoe magnet is 30 placed tl^tt its "N" pole 
nearly touches the top of the secondary winding, a tele- 
phone receiver connected to the secondary terminals, the 
aerial and ground connected to the primary leads. 



Fig. SB. Marconi Magnetic Detector. 

The various parts are shown in Figure 35 and consist 
of the glass tube A, the primary winding B, the sec- 
ondary winding C, permanent magnet D, telephone E, 
wheels F, which* revolve and carry the soft iron wire 
through the glass tube A. 

The most commonly accepted theory of the working 
of the Magnetic Detector is that the magnetizing of the 
core lags behind the magnetic effects of the permanent 
magnet, and any changes in the field such as would be 
produced by the incoming wave, would produce a second 
increased change in the secondary, resulting in the in- 
4ication in the telephone receiver. 
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This detector when properly constructed requires very 
little adjustment and is fairly sensitive. However, the 
magnetic detector has never come into wide use, and like 
the coherer it is almost obsolete. 

Shoemaker Detector. — The Shoemaker Detector is 
the ordinary electrolytic kind, but differs from others in 
the fact that it is a battery itself and therefore requires 
no local current. The detector comprises a glass tube 
with the platinum point sealed in, according to the plan 
given for Figure 34, but employs a zinc strip in the so- 
lution in the place of the platinum point. This detector 
is very sensitive and is employed by a number of com- 
mercial companies. The amount of current set up by 
such a cell is of course small, yet it is sufficient to give 
indication in the telephone receiver. 

Massie Oscillaphone. — The Massie Oscillaphone is a 
very simple type of detecting instrument and has been 
adopted by a large number of amateur experimenters. 
This detector is of the loose contact type and consists of 
two carbon blocks mounted on a wood base with a light 
sewing needle laid across the top. As this detector is 
of the self-restoring type, it is used in connection with 
the telephone receiver. The connectors and adjustments 
are the same as given, for Figures 33 and 28. 

The amateur who is contemplating wireless experi- 
ments is advised to try this type, as it is very easy to 
construct and handle. The complete detector and dimen- 
sions of the various parts is shown in Figure 36. The 
dimensions of the base is the same as for the liquid de- 
tector given in Figure 32. A wood block B, which is 
11/^" long, 1" wide and i/^" thick, is glued doAvn to the 
base as shown. The carbon blocks C-C can be cut from 
an old battery carbon and are 1" in height, 1" wide aivi 
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^" thick. The ends are filed to a knifelik'e edge and a 
hole drilled through, in which screws are inserted, and 
the blocks screwed to the base facing one another. Under 
the heads of these screws is placed the exposed end of a 
coiled wire, which is led back and connected to the bind- 
ing posts E-E. 

The tops of the carbons are now wiped carefully with 
a woolen rag and a light sewing needle laid across. 




Fig. 36. Massie Oscillaphone. 



By connecting the telephone receiver and battery in 
the circuit and the aerial and ground to the posts E-E, 
the set is ready for use. A roaring noise will be heard 
in the telephone receiver, and when the incoming wave 
flows across the high resistance contact offered by the 
needle laid across the carbon blocks tha needle will ad- 
here more closely to the blocks, lowering the resistance, 
thereby allowing more current from the local cell to flow 
through and giving an increased sound in the receiver 
which is proportional to the length of the Incoming sig- 
nal. In case where the needle is too light the roar- 
ing noise will be so great that any incoming signals will 
be drowned out. This can be overcome by attaching a 
small weight to the center of the needle. In the original 
Massie Oscillaphone the varying degrees of sensitiveness 
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Ivere had by placing a small horseshoe magnet directly 
under the needle, and by raising or lowering the magnet 
the pull on the needle was decreased and increased, reg- 
ulating the receiving effects to the same proportion. 

LoDGE-MuiRHEAD DETECTOR. — The Lodgc-Muirhcad 
Detector or coherer is used to a large extent among the 
English experimenters, but is practically unknown in 




Figr. 37. Lodge-Muirhead Coherer. 

America. The reason no doubt lies in the fact that the 
American experimenters prefer to use the more sensitive 
and simple types such as previously described, and which 
do not require the accurate work in constructing and ad- 
justing as does the Lodge-Muirhead type. The schematic 
arrangement of a Lodge-Muirhead detector is shown in 
Figure 37. While this type differs broadly from the 
more accurate kind supplied for commercial use, yet 
the actual working features are the same. 



DETECTORS AND DETECTING INSTRUMENTS 73 

The detector consists of a small steel wheel ^, which 
is sharpened to a knifelike edge and revolves on the 
metal rod which is supported by the slots of the frame 
posts E-E. A small motor or other power is used to 
revolve the wheel, but is not shown in the drawing. The 
containing cup B is made of hard rubber with a central 
slot cut in the top. The tip of the metal wheel A rests 
in the center of this slot. Mercury is poured in the slot 
of the cup B. The thumbscrew D works in the side of 
the cup and raises or lowers the surface of the mercury. 
C represents a binding post, which makes contact with 
the mercury and to which one of the terminals is con- 
nected. 

In use the wheel A is revolved at a high speed and 
the screw D regulated until the wheel tips the edge of 
the mercury. By means of a brush connection the wheel 
leads to the aerial and the binding post C to the ground. 
The other connections are made to the battery and indi* 
eating instrument, which is usually a galvanometer. It 
is necessary to include a potentiometer in the circuit 
with the battery, as otherwise the device will operate 
with poor results. This coherer has the advantage of 
being self -restoring and can also be used in connection 
with a telephone receiver. When the telephone is em- 
ployed the coherer has to be very accurately constructed. 
or the signals will be heard in unreadable form, thi» 
being caused by the slow action of the coherer in de- 
cohering and not giving a distinct break between the 
dots and dashes, the telephone giving one continuous 
record. This trouble will not be experienced when the 
less sensitive galvanometer is used, as it is not so suscep- 
tible to the changes of the current. 
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Delaney Lamp Detector. — ^When a very sensitive 
liquid detector such' as the Fessenden type is operated 
in the viciniiy of a strong wireless telegraph station, the 
WoUaston wire point soon bums out, owing to the 
strength of the incoming signal. A detector that will 
respond to signals not sent over a great distance and is 
capable of withstanding the oscillations from any wire- 
less station can be constructed by breaking a hole in the 
top of an ordinary incandescent lamp, removing the 
filament and place therein a 20% solution of nitric acid. 
This type of detector was invented by Chief Electrician 
Delaney of the U. S. N. 

The Silicon Detector. — One of the latest innova- 
tions in detecting instruments is the Silicon. The silicon 
detector has gained quite a wide adoption since its in- 
troduction, owing to the fact that it is very sensitive, 
easy of adjustment ^d requires no local battery. 

In construction the silicon detector in certain parts re- 
sembles the liquid type. In the liquid type very ac- 
curate adjustment is required between the tip of the 
WoUaston wire and the electrolyte, while in the silicon 
the adjustment is had between the point of the thumb- 
screw and the block of silicon. A very simple type for 
experimental use could be made from a liquid detector 
by removing the WoUaston wire and filing the end of 
the thumbscrew to a sharp point. Pour the electrolyte 
from the cup and place therein a block of fused silicon so 
that contact is made with the platinum wire. The 
thumbscrew is now run down until it rests with pres- 
sure on the silicon, where the device is ready for opera- 
tion. The silicon, as aU other detectors, requires quite 
jsl lot of adjusting before the most sensitive point has 
been reached. However, the method given above is not 
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reeomsieiided as the adjustment between the poir,t and 
the silicon does not remain constant, and requires con- 
stant readjusting to get results. The best results are had 
where the point is controlled by spring action, the spring 
exerting an equal and steady pressure on the point at all 
times, and the proper adjustment when once secured will 
remain constant. 



Flff. 38. Simple Type of Silicon Detector. 

In Fig. 38 is shown the view of a silicon detector with 
the above requirements. Such a detector is very simple 
in construction and the time expended will be well re- 
paid by the results. 
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Fig. S9. Parts of Silicon Detector. 

The detailed view is shown in Fig. 39. A represents , 
the wood base, which is 5" by 3" by Va" thick in size, 
BB binding posts, C a brass block Vs" by %" square 
screwed to the base, D a brass strip 1-64" thick 
»nd 3" long by ^" wide screwed to the block C, E 
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thumbscrew which works through hole cut in strip D 
down to the threaded eyelet placed in the base, F thumb- 
screw with fine point, G metal cup which holds the. sili- 
con. The bottom plan of the base is shown in Fig. 40. 
Countersunk holes are drilled for four binding posts in 
the corners of the base. Small V-shaped troughs are cut 
across as shown and the connecting wire placed therein. 
The metal cup G should be %" or 1" in diameter and 
about ^" deep. A piece of fused silicon is now ground 




Fig. 40. Plan of Base for Silicon Detector. 



down until it will make a neat fit in the cup. It will b^ 
impossible to make the surface of the silicon smooth, but 
the job should be done as neatly as possible. Next place 
a lump of solder in the cup with a small amount of 
soldering flux. Hold the flame of an alcoholic lamp on 
it until the solder melts, and place therein the lump of 
silicon. When the silicon has set in the cup the final 
assembling and adjusting can be taken up. First screw 
a brass strip 1" wide and 2" long^ under the binding post 
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B so that it rests flat on the base and comes directly un- 
der the thumbscrew F. Place the cup containing the 
silicon on this strip and adjust the thumbscrew F until 
the point tips the edge. A high-wound receiver is next 
connected across the detector according to Figure 41* 
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PifiT. 41. Simple Receiving Circuit Employing the Silicon 

Detector. 



The high-wound type is necessary, as it is only with this 
kind that successful results can be had. The adjust- 
ment is had by turning the thumbscrew E and thereby 
increasing the pressure on the tip of F and the silicon 
block, and at the same time moving the cup around so 
that the different portions are brought in contact, listen- 
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ing in the receiver and noting at what point the best in- 
dications are hiad. This testing is carried on for some 
time and until the operator is positive that the most sen- 
sitive point has been reached. As silicon varies greatly 
in its sensitiveness, several cups should be made up and 
the most sensitive one adopted. 

The working of the silicon detector is based on thermo- 
electric action. It is a well-known fact that when two 
dissimilar metals are joined and heated, a minute elec- 
tric current will be set up. Likewise on passing an elec- 
tric current through the couple the inverse action of 
heating will take place. This action is more marked 
with some metals than others. 

The surging of the incoming wave through the brass 
point and the silicon block sets up minute heating ef- 
fects, which in turn set up the minute electric current 
and is registered in the telephone receiver. 

The Carborundum Detector. — ^A very simple and in- 
expensive type of detector is the carborundum. In this 
type the carborundum crystals are placed between two 
electrodes and the other connections made as for the 
other kinds of self -restoring detectors. In fact, it will 
be noted, that with the exception of the Silicon and 
Shoemaker types, which require no local battery, the 
connection for all detectors are identically the same. Any 
form of adjusting device which has two electrodes for 
holding the crystals will answer as a carborundum de- 
tector. 

Detectors op the Flame Type. — Prof. Ernest Ruh- 
mer in his experiments found that a very simple de- 
tecting device could be made by employing a gas flame 
and inserting therein two contacts which were suitably 
connected to the receiving circuit. A conducting flame 
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of gas is exceedingly delicate and will be instantly ** shat- 
tered" when impinged on by an incoming wave. The 
current from a local battery 'flows through the partial 
conducting medium, the flame, with a telephone receiver 
in series. On the flame being '* shattered" the circuit is 
changed and this change registers in the telephone re- 
ceiver to the same proportion. 

A simple and fairly efficient form of flame detector is 
made by employing the flame from a Bunsen burner. 
Two platinum contacts are inserted in the flame, the 
lower one being placed in the central part where the 
coolest portion is, and the upper at the apex of the flame 
or the point of the greatest heat. The lower contact has 
a small trough in which is placed a pinch of some kind 
of alkaline salts, the heat constantly vaporizing the salt 
and keeping the flame saturated with gas.- 

The plan for connecting is shown in Fig. 42. It is 
necessary to use a very heavy battery current, of at 
least 30 volts. To adjust, vary the position of the con- 
tacts in the flame and throw in more or less of .the bat- 
teries in the circuit. When once adjusted the detector 
will prove wonderfully sensitive. However, it has never 
proven successful in use, as any outside disturbances 
such as a breath of air, etc., will *' shatter" the flame 
and give an indication in the receiver which would drown 
out the incoming signal. 

A second type consists of an arc formed between two 
cored carbons, the current being supplied by a local bat- 
tery with a platinum contact inserted in the flame of the 
arc. The platinum contact leads to the aerial and the 
remaining connection to the positive carbon. This type 
proves slightly more sensitive than the above, but has the 
same objectionable features, that is, the registering of 
indications caused by some outside source. 
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The Audion. — Dr. DeForest has improved on the 
above-named types of flame detectors and perfected the 
Audion, which at the present date represents the flame 
detector at its highest stage of development. 

A 
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Pig. 42. Simple Type of Flair.e Detector. 

The Audion is based on the fact that when a filament 
and plate are sealed in an evacuated glass globe, a cur- 
rent can pass from the filament to the plate, while the 
filament is burning, but not from the plate to the fila- 
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ment. By connecting a local battery to the plate and 
filament a flow of ions are set up which flow from the 
filament to the plate, and any change in the battery cur- 
rent wil! malje a consequent change in the flow of ions. 
This fact is taken advantage of and the flow of ions 
made to change in accordance with the incoming wave. 



pig. 43. De Forest Audion Detector. 

The DeForest Audion proper consists of a low voltage 
tantalum lamp with a gird, filament and wing sealed 
inside, such as shown in Fig. 43. The lamp is burnt by 
two storage cells in circuit with a rheostat for regulat- 
ing the flow of the current. The gird is connected to 
the aerial lead and the filament to the ground. The tele- . 
phone receiver is included in the circuit with the wing, 
the extra set of batteries and the remaining terminal 
leading to the tantalum filament. This is all brought 
out clearly in Fig. 44. 
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In use the flow of ions are changed by the incoming 
wave and this change increases and decreases the flow of 
battery current through the telephone receiver, result- 
ing in the indication. 
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Complete Audlon Beceivins Circuit. 



The Audion has proven very sensitive for use in wire- 
less telephony, yet it is doubtful if it will ever come into 
wide use, owing to the difficulty in manufacture and 
short life. Usually quite a number of Audions have to 
be tested out before one sensitive enough for general use 
ia found. 
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The aerial, or technically called antemiEe elevation, 
consists of a wire or number of wires strung in the air 
to intercept the wave and conduct down to the receiving 
instruments, or radiate the energy as set up by the trans- 
forming apparatus. Aerials are of numerous different 
types and kinds. The original Marconi elevation con- 
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sisted of a single vertical wire suspended as explained in 
Chapter III. This type is excellent for use with small 
size coils, but where it is desired to cover greater dis- 
tances, involving the use of large power transformers, 
aerials of larger spread and elevated to a greater height 
become necessary. Marconi later used a large spread or 
network suspended by four masts, as shown in Figure 
45. This type of elevation is excellent for long distance 
work, but owing to the large expense in erecting it has 
83 
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never come into Wide use, and at the present only a few 
elevations of this type remain. 

Following the network aerial is the four-wire type, 
consisting of four wires strung in the air according to 
some one of the plans given below. Of the plans in com- 
mon use we have the ''T'' type, the inverted ''L" type, 
the **U'' or loop type. The above styles are taken on 
more through convenience in erecting than any other 
point. For instance, on board ship the **T" type is com- 
monly used, as the position of the masts and location 
.of the operating room made the erection of this type 
more convenient. Numerous other types are in use in- 
volving some theoretical features and need not be treated 
of here. 

AeV^IAL CONDUCTORS 




Fig. 46. Inverted "L" Type Aerial Elevation. 



The standard aerial conductors as employed for com- 
mercial use consists of stranded phosphor-bronze wire, 
each strand composing seven No. 20 bare wires, and four 
such strands fastened to insulated stringers and sup- 
ported from the masts. Owing to the lead-in taking on 
ihe shapes as shown in Figures 46 and 47, the *'T'' and 
^*L" types are formed. 
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The description of a **T'' type elevation is given here 
with all the essential points on construction which will 
enable the amateur to erect any type, as the change* 
from one type to another involves only a few changes in 
the manner of connecting. 

AEF^IAL CONDUCTORS 
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Figr. 47. "T" Type Aerial Elevation. 




Fisr. 48. Plan of Roof on Which Masts for Supporting Aerials 

Are Elevated. 



The complete elevation is shown in Figure 49. The 
**T" type was used in this special case, owing to the 
location of the operating room, which was on the lower 
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floor in the front of the building, and it was desired to 
make the lead-in as direct as possible, the building not 
having sufficient length to use the inverted **L" type. 
The aerial can of course be built up to suit the condi- 
tions, but the Same manner of elevating should be fol- 
lowed out. The exact height of the masts will depend 
on the height of the building on which they are placed, 
and the distance it is desired to cover. In the elevation 
illustrated the height of the building was 60 feet and 
the masts 15 feet, giving a total of 75 feet from the top 
of the aerial wires to the ground. A set made up of a 
250-watt transformer and tuned receiving equipment 
was connected to this aerial and communication held 



Conduct o^s. 




Fig. 49. Complete Aerial Elevation Showing: Masts and Aerial 

Spread. 



daily over a distance of 25 miles overland, and at times 
this distance was doubled. For reliable and accurate 
work, however, the distance of 25 miles overland would 
be the proper range for a set composing the above equip- 
ment. 

The mast used for supporting the aerial wires should 
be of sufficient size to withstand any ordinary strain and 
guyed to the different portions of the building. The 
masts in the elevation shown, measured 3" by 3" at the 
hutt, and 2" by 2" at the top, sawed from long leaf yel- 
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low pine. Although any other kind of hardwood will 
answer, the pine was simply used because it was more 
convenient. 

Before the erection of the masts two wood bases meas- 
uring 2" by 12" by 12", with a 3" by 3" hole cut 1" deep 
in the center, were placed on the building 40 feet apart 
at the points where the masts were to be erected. As 
it was the part of the bases to hold the butt of the masts' 
from the roof of the building, they were guy^d together 
and to the four corners of the building, as shown in 
Figure 48. In the figure, A-A represents the wood bases, 
B the central guy wire running from base to base, and C 
the corner guys. For guying, No. 14 iron wire was used. 
a nail being drove in the comers of the base at. the point 
where it is desired to make the lead from, and the wire 
wrapped around this nail and led over to the corners, 
where they are drawn tight and wrapped around a nail 
driven in the edge of the roof. 
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Figr. 50. Plan of Aerial Arrangement. 

Four guys are placed on each mast one foot from the 
top, and of sufiBcient length to reach to the objects to 
which they are to be fastened. Two small pulleys are 
next suspended from the top of the masts by means of 
a strong cord, and about 30 feet of bell cord run through 
each pulley. The masts are now ready to be placed in 
position. If the masts are no larger than the sizes given 
here they can be easily set in position by one person, 
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while a second takes the guys and wraps around the va- 
rious objects provided for this purpose. Draw up all 
guys until the mast stands up rigidly. 

After the masts have been erected work is begun on 
the aerial spread. The most important feature in the 
aerial spread is to have the wires well insulated from the 
supporting objects, for the current as sent out by the 
"transforming apparatus is of exceedingly high potential 
and will leak through to the ground, destroying a 
certain portion of the sending efficiency, unless the insu- 
lation is made to withstand this strain. A number of 
different kinds of insulators can be used, but probably 
the most available to the average experimenter is the or- 
dinary porcelain knob kind. This type is shown in Pig- 
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Pig. 51. Insulator for Supporting: Aerial Wires. 

ure 51 and consists of two porcelain knobs tied together 
from groove to groove with a well oiled sea-grass rope. 
One of the knobs is now tied back to the stringer, while 
through the center groove of the front is inserted the 
aerial wire and wrapped. 

The stringers are made from oak strips and should 
measure 30" in length and 2" by 2" square. Beginning 
at the end, tie on the porcelain knob insulators every 
10", which will allow four to be tied on each stringer. 
Tie on each end of the stringers a piece of well-oiled 
rope of sufficient length to form a V three feet in length, 
as shown at C, Figure 50. To the middle portions of 
C-C is tied the ends of the bell cords which run through 
the small pulleys at the top of the masts. 
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As previously noted, the aerial conductors as employed 
by the commercial stations are composed of stranded 
phosphor-bronze wires. This type of wire, however, can- 
not always be secured by the experimenter, so a substi- 
tute will be made by using No. 12 bare copper wire, 
which makes a fairly good aerial for experimental work. 
The distance from stringer to stringer is 30 feet, and 
as this distance is to be covered four times, 120 feet will 
be required. It will be well, however, to get 130 feet to 
allow for loss in cutting and connecting. Cut four pieces 
of sufficient length to run the distance and lead the ends 
through the respective knobs and tie by taking several 
turns around the wire. A straight piece of wire is now 
soldered across the ends, as shown at E-E, Figure 50. 

The lead-in wires can either be No. 14 or No^ 12 bare 
copper wive, soldered to the middle portion of the two 
outer conductors and led down to where they will be 
even with the roof when the aerial spread is pulled in 
place. The ends of the two lead-in wires are now 
soldered to the exposed ends of a high-tension cable, the 
cable in turn being led over the roof, as shown, and sup- 
ported by means of a high-tension insulator. The ca- 
ble is led down the side, of the wall to the instruments, 
and wherever it would come in contact with the' building 
a high tension insulator is placed. 

To elevate the aerial spread, pull equally on the two 
ends of the bell cofd until the spread is at the greatest 
height and tie the ends of the cord around the mast. 

The Lead-in. — ^Where the high-tension cable leads into 
the instruments care.should be used in insulating, as dis- 
persion or leakage of the current ^cah occur here as well 
as at the other points. The usual method where small 
power sending instruments are in use is to bore a hole , 
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through the wall and place therein a porcelain tube, lead- 
ing the lead-in wire through this tube, "While this 
method would answer for the small power sending instra- 
ments, but if a greater was used, the current would leak 
through to the wall and offer a partial ground. A very 
efficient method is to bore a hole through a pane of glass 
and lead the wire through, but this plan is not possible 
in every case, as very few experimenters have the proper 
means for boring the hole, which is a difficult operation. 



Fig. 52. Lead-in for Aerltj Wire. 

A method that the writer has adopted is shown in Figure 
52. In this case a porcelain tube with an external diam- 
eter of 2" and an internal diameter of 1" is needed. A 
hole is drilled through the wall of sufficient size to al- 
low the porcelain tube to slip through. The point at 
which the lead-in cable passes through the tube is marked, 
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and the tube withdrawn from the hole and the cable 
held in the exact center of the tube at the point pre- 
viously marked. One end of the tube is now stopped up 
with putty. Boiling paraflSn wax is poured in at the op- 
posite end of the tube until full, and when the wax sets 
the putty is pulled off, which leaves the lead-in wire in- 
cased in the parafiin bed. In Figure 52 A represents 
the lead-in wire, B the paraffin, and C the porcelain tube. 
This type of lead-in can be constructed at very low cost 
and is very efficient. 

Ajerial. Switch. — The termination of the lead-in wire 
is usually connected to a double-pole double-throw switch 
so that the aerial can be either thrown to sending or re- 
ceiving side. Such a switch, however, is not necessary 
where it is only desired to. operate a receiving set, and 
in this instance the insulation of the aerial need not be 
so perfect. 

The different systems use different types of switches^ 
•but all have the same working features as the kind 
shown in Figure 53. In the figure the aerial is shown 
at A, the ground at B, sending side at C, and receiving 
side at D. During a storm a jumper can be placed across 
the contacts A and B to protect the instruments from 
lightning. At this point a word might be said regard- 
ing lightning arresters. For wireless telegraphy the or- 
dinary form of lightning arrester is useless, for whatever 
would offer a path for lightning to the ground would 
also offer a path to the high potential current from the 
sending set. Therefore the only safe method is to con- 
nect the aerial to the ground by means of the jumper, 
which of course renders the instruments inoperative. 

The Ground Wire. — The ground wire is a very im- 
portant adjunct to a wireless set, and to it very careful 
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attention should be directed. The exact depth to which 
a ground should be placed can be largely, determined by 
ihe character of the soil around the station. However, 
the ground should alwf^ys be placed deep enough to make 
contact with the permanently damp earth. Where the 
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Tig, 53. Aerial Switch. 



Boil is dry and sandy it will be necessary to go to quite 
B, depth, while at stations where the earth remains damp 
at all periods, only a few feet will be necessary. Zinc 
or copper sheets from 25 to 100 feet square are usually 
employed as the ground plates. They are buried to the 
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desired depth with a horizontal projecting strip to which 
the lead from the switch is soldered. In portable set* 
the ground is secured by dragging a square of wire net- 
ting over grass or the damp earth. 

The wire leading up to the switch should be well 
insulated, for the slightest conducting path would allow 
a certain portion of the current to escape. 

On board ship the ground is a very easy matter, as it 
is only necessary to solder the lead to the bed plate of 
the engine. 

Masts. — ^Where the station is isolated from high build- 
ings or other means of support, the erection of a mast 
becomes necessary, which is a very difficult matter and 
requires careful handling. However, by following out 
the direction as given here for erecting an 80-foot inast, 
no difficulty should be experienced, and after the first 
attempt the work should become easier, as a better idea 
will be had of the difficulties to overcome. 

For the complete mast will be required three spars^ 
the first 5" by 5". in diameter and 35 feet high, the sec- 
ond 4" by 4" and 25 feet high, the third 3" by 3" and 20 
feet high. The masts are spliced together by half-groov- 
• ing and wrapping with No. 10 steel wire and screwed to- 
gether with two steel bolts to each joint. After all 
joints have been securely spliced the mast is laid flat with 
the butt to the hole in which it will slide as it goes up. 
Three guys are placed on each splice, making a total of 
nine in all. At the top is placed a small crossarm, well 
braced with braces, and a small pulley with sufficient 
bell cord run through to reach to the ground. A ** dum- 
my" pole about 20 feet in height is now erected. The 
mast is placed with butt, to butt of the dummy pole. 
Three double blocks are now tied to the top of the 
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dummy pole and led down and tied to the top of each 
spar of the mast. This is necessary in order that the 
pull will be equally divided, as otherwise the strain 
would become too great and possibly break the mast. To 
erect, first begin raising the mast with pike poles such as 
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linemen use, taking up the slack in the ropes of the 
blocks at the same time. Assistants are stationed at dif- 
ferent points with the guy wires to hold the mast in po- 
sition. "When the mast has been erected to the greatest 
height with the blocks and pike poles, the guy wires are 
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taken in hand and pulled until the mast is standing in 
an upright position. The guys are now led off 
to the respective stubs, pulled tight and wrapped. 
The guy wires can be made of No. 10 iron 
wire divided up into sections with porcelain knob 
insulators, the insulators being interposed according to 
the method shown in Figure 51, using one insulator in-, 
stead of two. The aerial arrangement is constructed ac- 
cording to the plan given for Figure 49, and pulled into 
place by means of the bell cord. In this instance the 
aerial is of the four-wire vertical type. 

Portable Aerial Arrangements. — Quite a lot of at- 
tention is being devoted to the perfection of portable 
wireless sets. The- United Wireless Company has just 
put out a new design which is readily portable on horse- 
back, wagon, or landing boat and can be unpacked and 
put in operation in 15 minutes. The aerial of such an 
arrangement is shown in Figure 54, the set having a 
sending range of from twenty to thirty miles. 

Masts for Long Distance Use. — One of the highest 
masts in use at the present day is shown in Figure 55. 
This mast is over 400 feet high and is employed at the 
Fessenden station at Brant Rock, Mass. The mast, or 
tower, as it may be termed, is built up of cylindrical 
steel sections, the largest three feet in diameter and rest- 
ing on an insulated base. The aerial radiating wires, 
from their fineness, are not shown, the black dots indi- 
cating the insulator interposed in the guy wires. 



CHAPTER VIII. 

THE STUDY OF WIRELESS TELEGRAPHY. 

General Remarks, Before going into the details on 
the study of wireless telegraphy a few general remarks 
will be made on the results accomplished up to the pres- 
ent date and the present day limitations, so that tha stu- 
dent will understand the field that ie is confronted withy 
and the difficulties that will arise in actual practice. 
Since the first introduction of wireless telegraphy experi- 
menters in all parts of the country have been construct- 
ing and operating sets, and at the present those interested 
in the art will number up in the thousands. That these 
students or experimenters have accomplished wonderful 
results is plainly evident. Many took up the study with- 
out any previous knowledge of electricity or its applica- 
tions and in a short while mastered the details of the 
most intricate working sets from theory to actual prac- 
tice. While this statement may sound broad to some of 
the uninitiated, yet by glancing over the. pages of some 
of the publications which have devoted special depart- 
.ments to the .wireless experimenter, all doubts will be 
removed, for here, one will find numerous proofs of the 
statement in articles, photographs, and other interesting 
matter as contributed by this class of workers. Further- 
more, it is pleasing to note that the greatest number of 
wireless experimenters live in the United States and some 
of the most important inventions and improvements per- 
taining to wireless have been brought out by American 
investigators. In this respect wireless communication is 
only following the path of wire communication. It is a 
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well known fact that America leads all other countries 
in the number of telephone and telegraph instruments 
installed, and the number who are given employment in 
such service. While of course the writer will make no 
attempt to compare wireless communication with ordi- 
nary wire meanSj it is a positive fact that wireless even 
at the present stage of development occupies a field which 
can never be covered by the wire system, namely, com- 
munication over water. To predict the end of wireless 
development would be impossible, for the new develop- 
ments bring out some new use heretofore undreamed of. 
As an illustration we can take the new system of spark- 
less telegraphy which has been adopted by Dr. DeForest 
in his system of wireless communication. One of the great- 
est drawbacks to wireless telegraphy up to the present 
date has been the inability to properly tune the sets. Tun- 
ing has been developed to a high degree with the spark 
system, but when put in actual practice it is found that 
interference is an important factor to overcome, and 
according to the opinion of some of the best known in- 
vestigators, tuning will never be on a practical basis when 
employed with the spark system. Realizing this fact, Dr. 
DeForest has brought out the sparkless system which is 
susceptible of very fine tuning and which to a certain 
extent has changed the entire outlook of wireless teleg- 
raphy, as the sparkless system can be employed equally 
as well for wireless telephony and can be tuned to the 
point where several stations can be used in near range 
to one another without interference. This new system 
is fully described in a later chapter. Considering the 
widespread interest shown in this art, and the broad field 
for development, one can realize that it is only a matter 
of a short while before wireless communication will be as 
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necessary as the wire means which now extends to every 
portion of the country. 

To give a complete list of the results which have been 
accomplished by means of wireless would be impossible 
within the pages of this book, nor is it necessary for the 
main point is to give such information as will help the 
student in a practical way. 

The^ recent wreck of the Republic, with which the 
majority of readers are familiar, has probably done more 
to awaken the public to the actual utility of wireless 
than any other feature. Since that date several bills 
have been introduced to the effect that all ships be 
equipped with wireless sets. This rapid development 
will call for wireless operators and even at the present 
the demand for wireless operators is greater than the 
supply. At this point some of the readers might question 
the statement regarding the large number of students 
already interested and why the more advanced experi- 
menters could not fill the positions. In some instances 
this would be possible, but usually the amateur experi- 
menter has satisfied his ambition by simply erecting a 
station, adding new instrutnents from time to time, and 
studying out -the theory of various parts as described in 
technical publications. He deserts the practical work 
and seldom learns the code. The erection and working of 
an experimental set is a very necessary requirement to 
the study of wireless telegraphy but the student should 
not stop at this point. To learn the practical side it is 
of course best that one should become connected with an 
actual operating company. However, the theory should 
be studied as well for it is only by combining the two 
that we can hope to gain a deep insight in the art. In 
the usual cases it is not possible to become connected with 
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an operating company which has neither the time nor 
inclination to instruct, and the student must depend on 
his own ability. The student selects such text books as 
he can secure, which are usually devoted more to theory 
than practice and useless to the b'eginner. "With the ob- 
ject of offering a practical source of instruction the writer 
has prepared this book and included all matter that 
would assist the student in beconiing a proficient wireless 
operator. 

At this point it may be pertinent to give a few words 
concerning the numerous wireless concerns which have 
' been organized in the past With the only end in view of 
selling stock. While this point has no direct bearing on 
the subject, but as the development of wireless has been 
held back by such projects due to a loss of public con- 
fidence in general, a few words will clear up the mat- 
ter to those who are not familiar with the inside details. The 
names of such concerns are too well known to be given 
space here. The stock was sold out promiscuously with 
many claims for quick and large profits. On the awaken- 
ing the stockholders found that they had only the worth- 
less certificates left. Such methods of course caused the 
general public to brand wireless telegraphy as simply a 
stock brokers' harvest, with the result that the legiti- 
mate companies were retarded in development owing to 
their inability to secure capital. However, from the broad 
strides which are found at present one can realize that 
the retardation caused by such projects was only momen- 
tary, and that wireless telegraphy and other wireless 
means of communication is now on a solid basis where 
it can command the respect of the American people. It 
will only be a matter of time before all the **get rich 
quick" wireless concerns will be forced out of existence. 
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due to the fact that the investors will demand som^ 
proof of the concerns being able to substantiate their 
claims and show actual operating stations. Among the 
more prominent investigators, however, no doubt was 
ever held as to the ultimate success of wireless communi- 
cation. They have worked quietly along, step by step, 
and are now in position to realize the fruits of their la- 
bor. In face of the fa,ct, however, that many years.' re- 
search has been given to wireless and many improve- 
ments brought out, still the field is unlimited for new 
and useful inventions and for this reason it offers many 
opportunities to those who take up the study. 

The Study of Wireless Telegraphy. — Probably the 
first questions to come in consideration to those taking 
up the study would be: what preparation must be had 
and what kind and type of instruments must be used? 
In wireless telegraphy, as in the study of any other art, 
the more preparation we have along that special line the 
more simplified will be the course. The writer has known 
several to take up the study who had no previous exper- 
ience or knowledge of electricity and are now expert op- 
erators. While this can not be accomplished by all, yet 
one may rest assured that by careful and close study, a 
knowledge will be gained that will prove of ultimate 
benefit whether one intends to follow this as an occu- 
pation or not. Ail experienced electrician could make 
more rapid steps than one just embarking in the field, 
for the electrician would have his previous knowledge 
to draw from' which would prove of assistance. In the 
end, however, the beginner might prove the more able 
for such knowledge as he gained would be from his own 
resources and ability and not from any previous learn- 
ing. ' Therefore in wireless telegraphy it is impossible 
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to judge what one can do until they have shown results, 
but constant work and study as in everything else is 
sure to bring success. 

It is absolutely necessary that the student should be 
able to send and receive messages over the wire line by 
the Morse code. This if possible should be learned by 
the student before taking up the study of wireless teleg- 
raphy. When one has learned how to send and receive 
over the Morse instruments he may rest assured of his 
ability to send and receive over the wireless set, for in 
wireless telegraphy the indications are much slower than 
over the wire line. As many valuable books are on the 
market relating to instruction to those who desire to be- 
come wire operators the writer will give no further ex- 
planations on this point. 

It being considered that the student has had no pre- 
vious experience the necessary instruments should con- 
stitute a Morse set for learning the code and a short 
distance wireless telegraph set. A very simple set was 
described in detail in Chapter III. If the student has 
suflScient ability he is advised to construct the set, for 
i^ this way he can gain a close insight into the working 
details. However, the student may not have the time or 
ability .to construct the set, and if so the whole can be 
purchased at low cost. Such a set is shown in figure 56 
and consists of the spark coil, oscillators, etc., at the send- 
ing end, and the coherer with automatic de-coherer at 
the receiving end. The coherer receptor is described in 
use in the above mentioned chapter, but it is evident 
that it can be replaced with the liquid detector or any 
other type of detecting device. The main feature of the 
coherer is that it gives out an audible signal, while with 
the liquid and other self -restoring types of detectors the 
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signals are read in a telephone receiver by buzzing sounds 
corresponding to the code. The coherer is also difficult 
of adjustment, and for this reason is recommended to 
the amateur, as the adjustment when once made perfect 
■will give an idea of the delicate features involved in the 
other types. 



Tig. 67. Amateur's Wireless Station. 

The remaining points which could be explained are 
very few and furthermore it is only by putting a set in 
aclual use that a clear idea can be gained of the essen- 
tial details. A number of puzzling problems will no 
doubt arise when the work is first begun, but by depend- 
ing on his own ingenuity the student will be able to find 
the solution, and advance step by step to the working of 
the tuned sets which are slightly different in operation. 

WJien the student has advanced to the stage where he 
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can send and receive readable messages and is familiar 
with the working of the tuned sets he may consider him- 
self an operator with sufficient ability to take charge of 
a station. The operation of the tuned and open circuit 
sets has been described in previous chapters which the 
student can refer to as he advances in the study. How- 
ever, the student will find that a broad channel exists 
between his ability to handle an experimental set, and 
that of taking charge of an actual operating station. It 
is to be regretted that as yet, we have no schools of wire- 
less telegraphy which would serve to bring the student 
and operating company in closer relationship. However, 
the demand exists and such schools will ultimately follow. 
Below are given the Naval Rules and Regulations for 
wireless stations, which should be carefully read over 
and applied to use wherever possible. Some of the 
rules will not be clear to the beginner, but after going 
further in the study he will be able to grasp all. tlie 
points, as the rules have been made as simple and con- 
cise as possible. 

NAVAL RULES GOVERNING WIRELESS STATIONS. 

**For installation ample room is available at all shore 
stations. 

* * On, board ship a room, having about 60 square feet 
of floor space,' with no dimensions less than 5 feet, should 
be provided for the installation and operation of a wire- 
less-telegraph set. The operating room should be well 
ventilated and lighted, as nearly sound proof as practi- 
cable, and free from vibration. The exact location of 
the operating room is not of great importance,* provided 
a good lead to it for the aerial can be obtained. The 
farther this lead is from large conducting bodies the 
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tetter. Operating rooms below the water line, where long 
leads to the aerial are necessary, are decidedly less effi- 
cient than those on the upper deck. 

'*The room should have a well insulated entrance for 
the aerial and should be fitted with an operating table 
about 2^ feet wide, not less than 7 feet long, and of 
convenient height for working the sending key while sit- 
ting down. 

"The table should be strongly built of dry, well-sea- 
soned wood." 

**The instruments should be mounted on the table 
flo that they are at safe sparking distance from each other 
and from any part of the operating room. ^' 

'*The receiving instruments should be as far away 
from the sending instruments as practicable. The in- 
duction coil or transformer may be mounted on the bulk- 
liead or under the table. In any case it should be where 
its terminals are not likely to be touched accidentally. 
The motor generator is preferably installed near the op- 
crating room, but outside of it. It may be installed in 
the operating room or in the dynamo room.'' 

**The connections between all parts of sending and re- 
ceiving instruments should be as direct as possible and 
in the case of the sending instruments they should be of 
large surface and well insulated by air or other non- 
conducto;rs. Sharp turns in connecting wires should be 
avoided on account of brush discharges, which always 
start at corners. The effect is the same as if electricity 
were travelling too fast to turn corners.'' 

**The necessity for bringing a number of leads to the 
combination switch for sending or receiving detracts 
considerably from the simplicity of the installation and 
to a slight extent from the efficiency of the set as a 
whole." 
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High potential leads should be kept away from low 
potential leads and where they cross it should be nearly 
at right angles. " 

**The ground connection should be electrically good 
and of large area. The diagram of connections and the 
purpose and use of each connection should be familiar 
to every operator. They should be well made and kept 
clean at all times." 

** Wireless telegraph instruments, like all others, de- 
pend for their efficiency on their good condition and am- 
ply repay good care. • ' 

**Sending-key contacts should be kept clean and 
smooth and with faces parallel to each other.*' 

**A11 sliding contacts, especially in receiver tuning 
coils, should be clean and bright and free from forei^ 
matter." 

''Detector points should be kept in their most sensi- 
tive condition and frequently tested by means of the 
buzzer furnished for the purpose." 

**The best adjustment for receiving different stations 
should be recorded or memorized by all operators." 

'*A sending set working at low power with all con- 
nections good, closed and open circuit in resonance, no 
sparking from edge of condenser, jar, or plates, nor 
glow from aerial and no sparking to rigging, is utilizing 
its power much more efficiently and will probably be 
heard farther than the same set pushed to the limit, but 
out of resonance or with high-resistance connections and 
sparking at all points." 

**In any case use only current and gap necessary for 
good readable signals when sending to stations at known 
distances." 

** Tuning curves for open and closed circuits are only 
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correct for the capacity and inductance in each at the 
time the measurements are taken, and the radiation 
shown on the hot-wire ammeter after coupling the two 
circuits is that for the particular period and coupling, 
as well as for the primary current, frequency, and spark 
gap then used." 

** These conditions should be reproduced as nearly as 
possible and the hot-wire ammeter tests made daily. The 
cause of decreased radiation should be searched for until 
it is found and then remedied. The condensers should 
be carefully examined weekly, as well as all contacts oi^ 
all circuits, special attention being given to the ground 
connection." 

*'The insulation resistance of the aerial should be 
tested monthly or more frequently when leaks are sus- 
pected, and all insulation aloft should be frequently ex- 
amined." 

*' Porcelain or glass insulators are preferred. Hard 
rubber insulators char on the surface from leaks in wet 
weather and become less effective as insulators." 

** Except where a number of tunes are ordered to be 
used the operators should not alter the capacity or in- 
ductance in either circuit, except when absolutely nec- 
essary, and when, while sending, any part of the con- 
denser is injured it should be immediately replaced or 
repaired, and if this can not be done on the account of 
lack of spare parts the two circuits should be readjusted 
to resonance with the best means available." 

** Operators must avoid a short or jerky style of send- 
ing. Dots and dashes must be firm and of proper rela- 
tive lengths, as must also the intervals between parts of 
a letter and the spaces between letters and words. The 
spark must be kept white and crackling and have con- 
siderable volume." 
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At all stations, ship and shore, the best results are 
invariably obtained and the most satisfactory service 
given by alert and careful operators who take pride in 
the conditions of their instruments/' 



CODES. 

Both the Morse and Continental Morse Code are use& 
for wireless telegraph service. The. Morse Code is used 
for overland service, while between the ships of the Navy 
and shore stations the Continental is used. The two are 
given as follows: 
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ABBREVLA.TIONS USED IN WIRELESS TELEGRAPHY. 



An. — ^Answer. 
Arv. — ^Arrive. 
Atk. — ^Attack. 
Atl. — ^Atlantic. 
Awa. — ^Away. 
Awi. — ^Awhile. 
Ax. — ^Ask. 
Ay. — ^nj. 
B. — Be. 
Bal. — Balance. 
Bd. — Board. 
Bid.— Bundle. 
Bf. — Before. 
Bg. — Being. 
Bn. — Been. 
Bot. — Bought. 
Byd. — Beyond. 
Bz. — Business. 
Bat. — Battery. 
Bbl. — Barrel. 
C— See. 
Ca. — Came. 
Cg. — Seeing. 
Chg. — Charge. 
Cr. — Care. 
Ct — Connect. 
Cty.— City. 
Cvl.— Civil. 
Cx. — Capital letter. 
Col. — Collect 
Ck. — Check. 
Da. — Day. 
Dd.— Did. 
Deg. — Degree. 
Did. — Delivered. 
Dr. — ^Doctor. 
Drk. — Dark. 



Dux. — Duplex. 
DH.— Deadhead. 
Ea. — Each. 
Ed.— Editor. 
Eng. — Engine. 
Etc. — ^Et cetera, 
Ev. — ^Ever. 
Evn. — Even. 
Ex^. — ^Extra. 
Fl.— Feel. 
Fid.— Field. 
Fig.— Feeling. 
Flo. — Flow. 
Fit.— Felt. 
Fm.^From. 
Fri. — Friday. 
Frt.— Freight. 
Gr. — Ground. 

G.B.A. — Give better address. 
G.A. — Go ahead. 
G.S.A. — Give some address, 
G.M. — Good morning. 
G.E. — Good evening, 
G.N.— Good night. 
Gen. — General. 
Ger. — German. 
Gg. — Going. 
Gu. — Guard. 
Gv. — Give. 
Gvg. — Giving. 
Hb. — Has been. 
Hhd. — Hogshead, 
Hid.— Held. 
Him. — Helm. 
Hm. — Him. 
, Hnd. — Hundred. 
Hon. — ^Honorable, 



112 



WIRELESS TELEGRAPHY 



Hpn. — Happen. 

Hqrs. — Headquarters. 

Hr. — Here. 

Hs.— His. 

Hu. — House. 

Hv. — Have.. 

Hw. — How. 

Ify. — Infantry. 

Imp. — Import. 

Ix, — It is. 

Ixu. — It is understood. 

Kp. — Keep. 

Kpg. — Keeping. 

Kpt. — Kept. 

Kw. — Know. 

Kwg. — Knowing. 

Kws. — Knows. 

Las. — Last. 

Lat. — Latitude. 

Lft.— Left. 

Lit.— Little. 

Lk. — Like. 

Lt. — Lieutenant. 

Lv. — Leave. 

Lvg. — Leaving. 

Lvs. — Leaves. 

Lyg. — Lying. 

Ma. — ^May. 

Mab. — May be. 

Maj. — Major. 

Mar. — March. 

Mas. — Master. 

Mat. — Material. 

Max. — I!»Iaximum. 

Mch. — Machine. 

Mcy. — Machinery. 

Md. — ^Made. 

Mem. — ^Member. 

Mfd. — Manufactured. 

Mgr. — Manager. 



Mh. — ^Much. 

Mil. — ^Military, 

Min. — Minute. 

Mk. — ^Make. 

Mkg. — ^Making. 

Mkr. — ^Maker. 

Mks. — Makes. 

Mkt. — ^Market. 

ML— Mail. 

Mng. — ^Morning. 

Mny. — Many. 

Mo. — ^Month. 

Mrl. — Marshal. 

Msg. — Messagel. 

Msk. — Mistake. 

Mst — Must 

Mv. — Move. 

Myn. — Million. 

Na. — Name. 

Nd.— Need. 

Nee. — Necessary. 

Neg. — Negative. 

Ni.— Night. 

No. — No, and New Orleans. 

Nun. — None. 

Nv. — Never. 

Nw. — Now. 

Nx. — Next 

N.M. — No more. 

Ofc. — OfBcer. 

Ofr.— Offer. 

Ofs.— Office. 

Opr. — Operator. 

Ot.— Out. 

Otr. — Other. 

Ov. — Over. 

O.K.— All right 

Pc. — Per cent 

Pd.— Paid. 

Ph. — Perhaps. 
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Pha.— Philadelphia. Sh.— Such. 

Pm. — Postmaster. Shf. — Sheriff. 

Po.— Post-office. Shi.— Shall. 

Pod. — ^Post-Office DepartmentSig. — Signature. 



Pot. — ^President of the. 
Potus. — President of the 

United States. 
Pr. — President 
Pra. — Pray. 
Prt. — Part. 
Pt. — Present. 
Qk. — Quick. 
Qmg. — Quartermaster-GeD • 

eral. 
Qr. — Quarter. 
R. — Are. 
Re. — Receive. 
Red. ^—Received. 
Reg. — Receiving. 
Rcr. — Receiver. 
Res. — Receives. 
Rct.-^Receipt 
Rek. — Wreck. 
Rht.— Right. 
Rlf.— Relief. 
Rp. — Report. 
Rpt. — Repeat. 
Rr. — Railroad. 
Ru. — Are you. 
Ruf. — Rough. 
Ry. — Railway. 
Sa, — Senate. 



Sik.— Sick. 
Sis. — Sister. 
Slf .— Self . 
Slo.-— Slow. 
Sir.— Sailor. 
Sm.— -Some. 
Sma. — Small. 
Sn. — Soon. 
Snc— Since. 
Snd. — Send. 
Snr. — Sooner. 
Snt. — Sent. 
Sor.— Soldier. 
Sp.— Ship. 
Spfy. — Specify. 
Spl. — Special. 
Spo. — Suppose. 
Ss. — Steamship. 
St.— Street. 
Sta.— State. 
Stn. — Station. 
Sto. — Store. 
Str.^-Steamer. 
Sud. — Surround. 
Sv. — Seven. 
Svc. — Service. 
Svd. — Served. 
Sve. — Serve. 



Scotus.— 'Supreme Court or Svg. — Serving, 

the United States. Svl. — Several. 

Sd. — Should. Swo. — Swore. 

Sdn. — Sudden. Sx. — Dollar mark. 

Sec.-^Section. , Sy. — Say. 

Sed. — Said. S.Y.S. — See your service. 

Sem. — Seem. T. — The. 

Sen. — Seen. Tan. — Than. 
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Tg. — Thing. 
Tgh. — Telegraph. 
Tgm. — Telegram. 
Tgr. — ^Together. 
Tgy. — Telegraphy. 
Th.— Those. 
Thk.— Thanks. 
Tho.— -Through. 
Thr! — Their. 
Ti.— Time. 
Tk.— Take., 
Thk.— Taking. 
Tkn.— Taken. 
Tkt.— Ticket. 
Tlk.-— Talk. 
Tm. — Them. 
Tn.—Then. 
Tnd. — Thousand. 
Tni.— To-night. 
Tnk.— Think. 
Tr. — There. 
Tru. — Through. 
Ts.— This. 
Tse.— These. 
Tt.— That. 
Ttt.— That the (5) 
Tuf. — Tough. 
Tw. — To-morrow. 
Ty.— They. 
U.— You. 
Uc. — ^You see. 
Un.— Until. 
Uni.— United. 
Upn. — Upon. 
Ur. — Your. 
Urg. — Urge. 
Val.— Value. 



Vy. — ^Very. 

W.— With. 

Wa.— Way. 

Wat.-— Water. 

Wd.— Would. 

Wea. — Weather^ 

Wg. — Wrong. 

Wh.— Which. 

Wi.— Will. 

Wit.— witness. 

Wl.— Well. 

Wik.— Walk. 

Wn.— When. 

Wnt— Want. 

Wo.— Who. 

Wom. — ^Whom. 

Wos. — ^Whose. 

Wr. — ^Were. 

Ws.— Was. 

Wt— What. 

Wu. — ^Western Union. 

Wy.— Why. 

Y.— Year. 

Ya.-i— Yesterday. 

4. — Please start me, or whera 

5. — Have you anything tot 
me? 

9. — Important official mes- 
sage. 

13. — Understand. 

25. — I am busy now. 

30. — No more. 

73. — Accept best regards. 

77. — Message for you. 

92. — Deliver. 

**Wire." — Give instant posses- 
sion of line for test 
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LIST OP OTHER INSTRUMENTS EMPLOYED. 

ft 

The buzzer test mentioned in the Naval Rules can be 
made to an advantage with all sets, whether of the ex- 
perimental or long distance type. The rule reads: ''De- 
tector points should be kept in their most sensitive con- 
dition and frequently tested by means of the buzzer 
furnished for this purpose.'' From this rule the ama- 
teur should not understand that the buzzer test is only 
to be made with the liquid detector, for it can be used 
equally as well with any other type of self -restoring de- 
tecting instrument such as the silicon, oscillaphone, etc. 

The test in question is made by use of the ordinary 
electrical buzzer. Two common dry cells are connected 
to the buzzer to operate it, with a telegraph key seriesed 
in the circuit. A ground wire is connected to one of 
the binding posts of the buzzer, and the ground made 
within a few feet of the ground of the telegraph set. 
The buzzer should be placed far enough away so that the 
noise from it will not interfere with the operator reading 
the signals in the telephone receiver. 

The arrangement for connecting is shown in Pig. 58 
with the buzzer to the right and the detecting set to the 
left. To test: have party to press key which starts the 
buzzer in operation. Listen-in at the receiver and ad- 
just the thumb screw until the point is reached where 
the indication is the clearest. The operator will soon be 
able to find the most sensitive point with little adjusting, 
as he becomes more familiar with the working of the set. 

If the indication is not heard, all connections should 
be closely examined, and loose nuts screwed up, as a loose 
connection often proves a source of trouble. If the Wol- 
laston wire point is broken off, which is often the case, 
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replace and test as before. In actual practice the op- 
erator will find many other tests that can be utilized, the 
majority of which are embodied in the Naval Rules pre- 
viously given. 

Condensers. The Leyden jar is one of the best known 
types of condensers. The oseillatory action which takes 
place in the charging and discharging of a condenser was 
explained in Chapter II. The uses to which a condenser 





iK- 



Flgr. 58. Showing Method of Making the Buzzer Test. 



is put, and the method of manufacture, varies with the 
special conditions to meet. The insulating medium which 
separates the two conductors is known as the dielectric. 
When the condenser is designed for use in the sending 
circuit of a wireless telegraph set, the dielectric should 
have high insulating properties. This is necessary in 
order that the condenser can be charged to the maximum 
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point, and discharge with the minimum loss across the ^" 
spark gap. If the dielectric is not capable x)f Withstand- 
ing the charge the current will jump through to the g(p- 
posite conducting plate, forming a puncture; If the con- 
denser is, of the kind where some solid insiflating sub- - 
stance is used as the dielectric, the puncture wiU ruin its 
eflSciencx, making it necessary to replace with another^- ^ 
but if the (dielectric is the open air or in liquid formj'iro 
repairs will be needed, as the insulating medium in this 
case remains constant. A condenser of this type is known 
as the self-healing kind. Various dielectisui^ are used 
in condensers, such as mica, glass, paper, oils, and the 
open air. Mica is the best known insulator, but is sel- 
dom used, owing to the expense. ' 

Condensers employed in the receiving circuit do not 
have such high insulating properties, as the currents of 
the receiving circuit are of very low tension. Paper, 
glass, and mica are commonly, used as the dielectric for 
condensers of the fixed type,, to be used in the receiving 
circuit, and for the variable kind metal sheets are em- 
ployed separated by the open air. In construction the 
sheets are so arranged that they can be run backward 
and forward, thereby increasing and decreasing the con- 
ducting surfaces offered and in a like manner varying the 
capacity. 

Condensers are often referred to as capacities. In the 
electrical sense the capacity of a condenser depends on 
the square of the conducting surface and the thickness 
of the dielectric. 

Theoretically, doubling the thickness of the dielectric 
doubles the capacity; however, this does not prove to be 
a fact in actual practice. By connecting two condensers 
in series we reduce the capacity to one-half of one, or by 
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♦ connecting two in parallel we double the capacity. A* 
very common condenser circuit is shown in Fig. 59, in 
which the condensers are connected in series-parallel. 
This method of connecting proves very effident for wire- 
less telegraph work. As a well known fact wherever 
there is electrical work a certain amount' of heat is gen- 
erated. When condensers 'are charged and discharged 
'^this heat is generated and is known as dielectric hystere- 
sis. To overcome such effects the condensers are con- 



Figr. 59> Condensers Connected in Series-Parallel. 

nected according to the plan shown in Fig. 59, which 
divides up the load and spreads the charge equally over 
the conducting surfaces. This method of connecting, how- 
ever, is not absolutely necessary, but is more efficient for 
the reasons set forth. 



TUNING INDUCTANCE— TUNING COIL. 

The tuning coil and its purpose has been previously- 
described and here will be explained a few of the differ- 
ent types in use. The tuning coil which is used in the 
sending circuit is commonly called an inductance. By 
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combining the tuning inductance, condenser capacity, 
and spark gap in series with the secondary of the trans- 
former, the tuned sending end is completed. By varying 
either the inductance or capacity we vary the wave length 
of the station. It is in this manner that the set is ad- 
justed to the proper wave length. Numerous types of 
inductances are used of which the most common is shown 
in Fig. 27. Another very efficient type consists of a 
ribbon of copper wound in a spiral form and mounted 
flat on a board. The advantage of the last named type 
lies in the fact that it will offer a better conducting sur- 
face to the high tension current than the same amount 
of wire if in the circular form. The high tension cur- 
rent as set up in the oscillating circuit of a wireless 
telegraph set, does not sink down in the wire as would 
a slow direct current, but flows over the outer surface. 

This is known as skin effects. Therefore, it is neces- 
sary to wind tuning inductances with a much larger 
size wire, than it would be if the current employed were 
direct. The metal ribbon type proves more efficient as 
it offers a larger surface over which the current can 
spread. Stranded wires are better conductors than sin- 
gle wire having the same cross section. For this reason 
stranded conductors are often used in wireless teleg- 
raphy. 

Tuning coils employed at the receiving end are di- 
vided T^p into more different types than those for the 
sending end. In Fig. 29 is shown a type that is em- 
ployed in common use, consisting of enameled wire 
wound on a circular frame, with a certain width of the 
winding scraped bare all the way down the frame. The 
glide contact is mounted on the brass rod so that it can 
be run up and down and make contact with the different 
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turns of the winding, as exposed by the bare portion. 
A later type evolved by Dr. DeForrest known as the 
* 'pancake" tuner is shown in Fig. 60. This type is very 
unique in operation and construction. It consists of 
metal ribbon wound with the successive turns on top of 
each other and separated by a suitable insulating sub- 
stance. The lever works over the exposed portion and 
makes contact with the different tuTns. A scale is pro- 
vided as shown, which reads from zero at the center to 
10 in each direction. The tuner is mounted on top of 
the audion receiving set, which facilitates the handling. 
The special feature of this type is the fineness to which 
the regulation can be carried and ease in handling. 

A second type which gives fully as fine a degree of 
regulation as the type explained above is the Fessenden 
double roller type. This type is, shown in Fig. 61 and 
consists of two cylinders mounted side by side and re- 
volved simultaneously. This reels the winding from one 
cylinder to the other. 

WAVE LENGTH CALCULATION. 

In this calculation it is necessary to know the capacity 
and inductance of the entire oscillating system, including 
antenna, lead-in and tuning coil. When the dimensions 
of the coil are known, its inductance may be calculated by 
formula (1) : 



L = 



s4 



where L = inductance in centimeters; 2> = diameter of 
coil in inches ; N = number of turns ; 5 = a constant ; 8 = 
length of coil in inches ; 3 = a constant. 
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Example: A coil is 10 in. long, 2 in: in diameter and is 
wound with 235 turns of No. 18 wire. What is its in- 
ductance ? ^ 

Ans.: i = i^ii^^i^^ = 518000 centimeters =518 

10 +«^ micro-henrys. 

The following table gives antenna and condenser ca- 
pacities in micro-farads for inverted ^^L" aerials of vari- 
ous heights and lengths (see page 84) ; wires spaced 2 to 
3 feet. 

Height f Length of Flat-top In Feet ^ 

in Feet 60 80 100 120 

40 00033 .00042 .00051 .00060 

50 00035 . .00043 .00050 .00058 

60 00036 .00044 .00051 .00059 

70 00037 .00045 .00052 .00059 

80.., 00039 .00046 .00053 .00060 

90 00040 .00048 .00055 .00061 

100 00042 .00049 .00056 .00062 

Knowing the inductance and capacity values of a given 
system, the wave length may be calculated by formula 

(2): 

W. L. = 38VTx^ 
where W. L. = wave length in meters ; L = inductance in 
centimeters; C = capacity in micro-farads; 38 = a con- 
stant. 

Assume a four-wire inverted ^^L'' antenna; height 70 
feet ; length of flat top 60 feet ; equipped with a tuning 
coil of the dimensions given above. Eeference to table 
above shows its capacity to be .00037 micro-farads. 

The wave length in this case will be 

W, L. = 38 V518000 x .00037 = 525 meters. 



WAVE METERS. 

Wave meters are simply some form of indicating which 
shows the strength of the oscillations surging up and 
down the aerial wire. The hot wire ammeter, as pre- 
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viously described, is connected in series with the aerial 
wire. With the following types no direct connection is 
made, the^currents being set up in the wave meter circuit 
inductively. That is, the wave meter with a suitable in- 
dicating device affixed, is placed in near proximity to 
the aerial radiating wire. The current surging up and 
down the aerial wire sets up lines of force. These lines 
of force cut into a suitable coil connected to the wave 
meter indicating device, and set up a second inductive 
current, which registers on the indicator. The reading 
from the indicator will be in proportion to the amount 
of current flowing through ' the aerial, and when the 
aerial circuit ig in resonance the indicator will be at the 
maximum reading. 

Several different types of wave meters are used, of 
which we have the Donitz type, Slaby measuring rods, 
Fleming cymometer. 

TELEPHONE RECEIVERS. 

Special features are embodied in telephpne receivers 
for use in wireless telegraphy. The ordinary low wound 
receivers are not suitable, as there is not sufficient turns 
on the winding to make the weak currents energize the 
pole ends and affect the diaphragm. 

The receivers are usually wound with No. 40 silk cov- 
ered magnet wire, which size will allow of a large number 
of turns to be placed in a small space. The standard re- 
sistance for each receiver is 1,000 ohms. The diaphragm 
is made very thin as it has been found that the best 
results from weak currents is given with this type. 



CHAPTER IX. 

WIRELESS TELEGRAPH SYSTEMS. 

Quite a number of wireless telegraph systems are in 
use in this country and abroad. Among the best known 
American systems we have the DeForest, Massie, Fes- 
senden, and Stone, Each of the respective systems em- 
ploy some special means for connecting up of the various 
circuits, and for which broad theoretical claims are made. 
However, the student will find that little diff erehce exists 
in the various systems, and when he becomes familiar 
with the tuned set, no difficulty will be had in studying 
out the otl^er circuits as they are all ba^d on the samq 
general plan. 

For connecting up of the tuned set two common cir- 
cuits are used, known as the direct connected type and 
the inductively connected type. The direct connected 
plan is the ordinary tuned set and is used with slight 
variations by the DeForest, Fessenden, and Massie sets. 
The inductive plan is utilized in the Stone system. In 
the tuned set of the direct connected type the inductance 
coil can be said to act as an auto-transformer. In the 
inductive type two coils are used, a primary and second- 
ary. The primary is connected to the Ley den jars, spark 
gap, etc., and the secondary leads to the aerial ,and 
ground. The current surging through the primary coil 
induces a current of high voltage in the secondary, which 
is in turn led to the aerial and ground, and produces the 
wave effect. There is quite a difference of opinion as to 
which type is more efficient, but this has not yet beea 
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actually determined. However, each type possesses dis- 
tinct advantages and will be treated of at the proper 
point. 

By comparing the receiving circuit with the sending it 
will be noted that they are identical in several respects, 
the difference existing in the placing of the detector 
which occupies the same position as the spark gap, and 
the proportional size of the parts. 

DE FOREST SYSTEM. 

One of the best known American systems is that in- 
vented and put in practical use by Dr. Lee DeForest. 
The DeForest instruments will be found in use in the 
principal cities in the United States and on the majority 
of the steamers. Some of the parts used in the DeForest 
system is shown in Fig. 62. To the left of the figure is 
illustrated the case containing the Ley den jar battery, 
with the tuning inductance mounted on top, spark gap 
working through the central portion of the frame on 
which the tuning inductance is wound. To the fight is 
shown the transformer. The aerial switch and other in- 
struments are shown in the center. In Fig. 63 is shown 
the plan for connecting up. A represents the trans- 
former which is supplied by a 110-volt alternating cur- 
rent generator, the current being broken up into the dots 
and dashes of the code by the key. When the key is 
pressed the current circulates through the primary wind- 
ing of the transformer and induces a second current of 
25,000 volts in the secondary, which charges the conden- 
ser B to the maximum point, the condensers in turn dis- 
charging through the winding of the inductance coil C, 
and jumping the spark gap D. The ground is made 
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direct to tlie inductance. The aerial lead is provided 
with a clamp contact so that different numbers of the 
turns can be included in the circuit. At J is shown the 
anchor gap. 
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Figr. 63. De Forest Wireless Telegraph Circuit. 

The receiving circuit is shown to the right of the fig- 
ure. The ae^al is of the inverted ''XT'' or loop type and 
leads to the anchor gap J, on to the aerial switch E. A 
double coil syntonizer is employed and shown at F. G 
represents the detecting device, I the variable condenser, 
and H the telephone receiver. The set is sometimes 
equipped with a three-coil syntonizer instead of the two 
coil type shown at F. 
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Such a receiving arrangement allows of a very high 
degree of selectivity. The different wave lengths are 
had by varying the contacts over the coil F. The anchor 
gap obviates the use of a double pole double throw 
switch, and is an essential feature where the **U" type 
elevation is employed. 

In practice the DeForest system has proven to be one 
of the most efficient yet designed and a large number of 
sets have been supplied to the United States and foreign 
governments. Dr. DeForest is at the present devoting 
his time to the perfection of a system of wireless tel- 
ephony which bears his name. 
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THE STONE SYSTEM. 

The Stone system embodies a number of unique fea- 
tures. The main feature, however, may be said to lie in 
the fact that the set is of the inductive connected type. 
The complete set is shown in Fig. 64. To the left of the 
figure is shown the inductance coils, transformer, and 
spark gap, and to the right the receiving instruments. 
The complete transmitting and receiving circuits are 
shown in Fig. 65. 

In the Fig. A represents the inductance coil, B the 
spark gap, C the condensers, D the transformer, E pro- 
tecting instruments, F the rheostat, and K the key. 

The remaining part of the figure represents the re- 
ceiving circuit. H is a low capacity fixed condenser, 
G-G small transformer coils, I potentiometer, and J the 
detector. 

No aerial switch is required in this set as the key 
-automatically breaks the circuit when operated. This is 
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made clear by reference to the diagram. When the key 
is pressed the back part of the lever is raised and the 
circuit closed with the 110 volt A. C. generator. 
The current flowing through the primary of the trans- 
former D raises an inductive current in the secondary. 
The current now flows through the* lower inductance A 
and charges the condensers C, and breaking across the 
air gap of the spark balls B, this sets up an oscillating- 
current of high frequency which flows through the 
lower inductance, and induces a current of much greater 
potential in the upper inductance. 

As will be noted the key K, when pressed down also 
spreads open the contacts which rest directly under the 
button. This connects one leg of the circuit to the 
ground and allows the high voltage current to flow to 
the ground without damage to the detecting instruments. 
In this respect the Stone system possesses one distinct 
advantage over all others, namely, the operator can be 
broken in on while sending, whereas in the other systems 
the operator must flrst signal the desired station and 
then listen-in. 

The spark gap consists of six brass balls arranged in 
multiple. The condenser C is built up of glass plates 
coated with tinfoil and sealed in beeswax. 

A difference will be noted in the manner of connect- 
ing up the spark gap and the condenser in the DeForest 
and Stone systems. In the DeForest set the gap is 
seriesed in the circuit with the inductance coil, and the 
condensers bridged across the secondary terminals. The 
Stone method of connecting is the reverse. The spark 
gap is bridged across the secondary terminals and the 
condenser placed in series with the inductance. 
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THE MASSIE SYSTEM. 

The Massie system invented by Mr. Walter W. Massie 
of Providence, R. I., has developed to a high practicaL 
stage and a number of sets are at the present in Govern- 
ment use, as well as several long distance stations and 
equipment for private concerns. The complete set is 
shown in Fig. 66, To the left is shown the receiving set, 
in the center the inductance coil, spark gap, hot wire am- 
meter, and head receivers, and to the right the trans- 
former. 

Mr. Massie as will be remembered is the inventor of 
the oscillaphone, a wonderfully simple and sensitive de- 
tecting device, which has been widely used by wireless 
telegraph experimenters. However, for long distance use 
the Massie sets are equipped with the liquid detector, as 
it has been found that the liquid detector is the more 
sensitive and reliable. The circuits of the Massie set are 
shown in Fig. 67 and as all the parts are properly desig- 
nated no further description will be given. 

In Fig. 68 is shown a device termed the **Resona- 
phone, ^' a complete receiving set. It consists of a liquid 
detector, potentiometer, and condenser, all mounted in 
one case. Handles are provided which work over a 
scale, the scale indicating the various degrees of regula- 
tion. Switches for operating the circuit are placed on 
each side of the case as shown in the figure. The Massie 
sets are also provided with means for cooling the spark 
gap while sending. This increases the radiation to an 
appreciable extent. 
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THE FESSBNDEN SYSTEM. 



Prof. R. A. Pessenden has done quite a lot of credit- 
able work in wireless telegraphy, and has perfected a 
number, of instruments among which can be cited the 



liquid detector, the most sensitive detecting -device yet 
used. He has also devoted quite a lot of attention to 
tuning and has perfected this to what might be called 
the highest degree with the spark system. 

A complete Fessenden set is shown in Fig. 69. On the 
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table is mounted the sending key, detector, etc., and in 
the extreme right corner the inductance and transformer. 

A Fessenden sending and receiving circuit reduced to 
its simplest parts is shown in Fig. 70. The complete 
Fessenden . circuit embodies a secrecy sender and inter- 
ference preventer, which are used to a good advantage. 
However, when these two are used the range of trans- 
mission is reduced. The transmitting end is shown to the 
left of the figure and consists of the alternating current 
generator A, the spark gap B, condenser C, and induc- 
tance D. Note should be taken of the fact that the 
ground is made between the condenser and the spark gap. 

The receiving end is shown to the right of the figure 
and consists of the tuning coil E, detector F, condenser 
G, receiver H, double roller potentiometer I, and bat- 
tery K 



CHAPTER X. 



WIRELESS TELEPHONY. 



"We now come to the limit of transmission without 
connecting wires, or the later art of wireless telephony, 
whereby articulate speech can be transi^itted across 
indefinite space without a connecting medium. Wireless 
telephony cannot be calkd a new art, for we find that 
certain systems were in use some years ago, among 
which can be named the inductive and conductive meth- 
ods, such as explained in Chapter II. However, the- 
methods employed at the present day can be called new,, 
as these methods embody an entirely different plan, and 
no limit has been found to the talking distance. 

From such information as can be secured, the writer 
finds that one of the earliest systems of wireless 
telephony whereby an aerial and ground is utilized, was 
patented by Prof. Dolbear in 1886. This method was 
termed the electrostatic method. The plan used is shown 
in Fig. 71, of which A represents an induction coil, B a 
telephone transmitter, C a battery, D a condenser. For 
the receiving end was employed the telephone receiver- F, 
condenser 6, battery H, condenser I. It was the theory 
that by charging the earth around the sending end posi- 
tively, and the receiving negatively, that a potential dif- 
ference would exist, end when this strain was released 
the signs would change and indication be given. 

140 
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BELL RADIOPHONE. 

The plan employed by Prof. Bell in his so-called Ra- 
diophone, is of little practical value, but from the view- 
point of a scientific novelty, it is wonderfully interesting 
and possesses many novel features. 

The Eadiophone gets its action from the fact (1) 
Selenium will vary in its conductivity with the degreea 
of light falling on it. (2) A beam of light can be varied 
in intensity by the inflections of the voice. 




Figr. 72. Ben Radiophone. 



These two facts are utilized in the plan shown in Fig. 
72. A beam of light is focused by means of the lenses 
A on the thin, highly polished metal plate C. From 
the light is reflected to the B, thence to the parbolic mir- 
ror D, which can be located some distance across the 
room. The parbolic mirror focuses the beatn of light on 
the selenium cell E, which is placed in the center. The 
selenium cell is connected to the battery F and telephone 
receiver G. 



i 
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When the metal plate is spoken against, it vibrates 
in proportion to the spoken words, and in a like manner 
changes the intensity of the beam of light. • 

The beam of light is centered on the selenium cell E, 
and the light varying in its . intensity to the spoken 
words, varies the conductivity of the selenium cell, there- 
by changing the battery current flowing through it to 
the same proportion, resulting in the spoKen words in 
the telephone receiver. 




Figr. 73. View of Speaking Arc. 

This plan was farther extended by Prof. Ernest Ruh- 
mer, by using the speaking arc as the transmitting de- 
vice, the beam of light coming from the arc itself. For 
the benefit of the readers who are not familiar with this 
arc a description will be given. 

The peculiar action which takes place in the speaking 
arc was first discovered by Prof. A. T. Simon. The 
arc lamp consists of an ordinary hand feed arc lamp, 
employing cored carbons and burnt on a direct current 
circuit. The plan for connecting is shown in Pig. 73. A 
represents the cored carbons, B a low capacity condenser, 
C the induction coil, D the transmitter and E the battery. 

The purpose of the condenser B is to prevent the heavy 
direct current from flowing through the. secondary wind- 
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ing of C and burning it out, but will allow the alter- 
nating current as set up in the secondary winding of the 
inSuction coil to flow through it and affect the arc in a 
like manner^ There is a number of other methods for 
producing the. speaking arc, but this plan is very simple 
and easy to carry out. , 

The arc in this instance was placed in the center of 
a parabolic dlirror, and focused to a second' mirror, con- 
taining the selenium cell, some distance off. When the 
telephone transmitter is spoken into the battery current 
flowing through it to the primary of the coil is varied in 
the same manner, and a current of higher voltage in- 
duced in the secondary turns. The current flows from 
the secondary leads through the condenser to the arc, and 
it is supposed .that this super-imposed current rapidly 
heats and cools the arc electrodes, thereby reproducing 
the spoken words. This varies the intensity of the arc. 
The beam of light from the arc is centered on the dis-' 
tant selenium cell, the same cycle of changes taking 
place as previously described, resulting in the words. 
With a set built-up in this manner Prof. Euhmer has 
been able to communicate up to seven kilometers. The 
above plans are of course limited, as it was necessary to 
focus a beam of light between the instruments. 

HOW TO MAKE A WIFELESS TELEPHONE SET. 

A' very simple wireless telephone set can be con- 
structed according to the inductive plan, as explained in 
Chapter II. This set will only work up to 20 or 40 feet 
but will prove very interesting, as communication can be 
had through solid walls, room to room and for other 
applications. 
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A complete set is shown in Pig. 74 and comprises a 
telephone transmitter A, set of batteries B, induction coil 
C, and transmitting coil D. The receiving coil is shown 
to the opposite side of the figure and consists of the re- 
ceiving coil E and telephone receiver F. 

The construction of the transmitting and receiving 
coils will be taken up first. The transmitting coil is made 
by winding 30 turns of No. 18 S. O. C. copper in a circle 
5 feet in diameter. A very simple method for winding is 
to drive nails in the wall in a circle of the desired 
diameter, and lead the turns over the nails. When the 
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Fig. 74. A Simple Inductive Wireless Telephone. 

required number of turns have been wound on, wrap 
with tape all the way around, leaving out several inches 
of the end terminal for connecting. This will form a 
circular cable, the tape holding the turns in place. The 
receiving coil is wound 3^2 feet in diameter with 80 turns 
of No. 22 S. S. C. copper wire, and formed up in the 
same manner as the transmitting coil. 

To complete the transmitting side an induction coil, ^ 
battery, and telephone transmitter are needed. The in- 
duction coil should be capable of delivering a high volt- 
age current at the secondary terminals. The writer has 
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used a ^-inch coil with good results. If the coil is 
purchased complete a jumper should be placed across the 
vibrator contacts, which will allow a direct path for the 
current through the primary winding. 

The secondary terminals of the induction coil are con- 
nected to the terminals of the transmitting coil. The 
batteries are four ordinary dry cells connected in series 
with the transmitter and primary of the induction coil. 

To complete the receiving side an ordinary telephone 
receiver is connected to the respective terminals of the 
wound coil. 

In use the coils are placed with their planes parallel to 
one another, and when words are spoken into the trans- 
mitter A, an alternating current will be set up in the 
secondary which flows through the turns D. This sets 
up magnetic lines of force which spread out, and are 
picked up by the coil E and conducted to the receiver 
and where the current is translated into speech. 

The student can mount the parts in any desired man- 
ner, so long as the working features as explained above, 
are retained. 



PRACTICALi WIRELESS TELEPHONY. 

The methods previously named were of course limited, 
and to construct a set that would cover a great distance 
by some one of these plans, would involve an expense 
greater than by the prdinary wire methods. Realizing 
this fact, investigators have turned their time to the per- 
fection of a system of wireless telephony, whereby it 
would be operated on the same principle as wireless teleg- 
raphy, i. e., the Hertzian Wave system, and which. 
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broadly speaking, would not be limited in the range of 
communication. 

That success has attained the efforts of the investiga- 
tors is evident, for now we read of daily results and of 
new records, which proves that wireless telephony is 
already a competitor of the even new art of wireless 
telegraphy. 

The wireless telephone in many respects resembles the 
ordinary wireless telegraph set, but the actual operation 
is vastly different, and to get a clear understanding of 
the wireless telephone, the point wherein this difference 
lies will be explained. 

In the ordinary wireless telegraph set, the key is 
pressed and a cycle of transformation undergone, where- 
by a wave motion is set up in the ether through the aerial 
and ground wires. This wave motion, however, could not 
be employed for use in wireless telephony owing to the 
periodic character and damping proclivities. This is ex- 
plained as follows: The condenser receives the charge 
from the secondary terminal until the break is made in 
the primary circuit. This break is made either by the 
action of the vibrator, or natural reversals of the alter- 
nating current. In either case the potential strain is re- 
leased and the discharge across the spark gap from the 
condensers take place. As previously explained, the dis- 
charge of a condenser is not made in one sudden rush, 
but a continual bac^kward and forward surging until a 
state of rest is reached. This sets up a wave which may 
be said to resemble the form shown in Fig. 75, and as 
will be noted the wave constantly decreases from the 
maximum to zero. The action of the vibrator is contin- 
uing and a number of such waves would constitute the 
one single dash of the code. 
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The variation of the voice ranges from 5,000 to 10,000 
per second and if it were tried to impress on this wave 
the voice modulations, the breaks in the primary circuit 
which occasion the damping proclivities, would destroy 
all characteristics of speech, rendering the indication at 
the receiving end jumbled and confused. 

Therefore, for wireless telephony it is necessary to 
produce a wave that remains constant and on which the 
voice can be impressed, the break being of sufficient 
rapidity not to destroy the parts of speech. 




Figr. 75. Wave from Closed Circuit, Telegraph Sending: Set. 

At the present this is being accomplished by two dif- 
ferent methods: the Elihu Thomson wave producer, and 
the Fessenden generator, or **wave mill.'' 

The method for producing the continuous oscillations 
was patented by Prof. Elihu Thomson in 1892. The 
plan of his arrangement is shown in Fig. 76. The set 
consists of an arc lamp A burnt on "a direct current cir- 
cuit. The condenser B, and inductance coil C are shunted 
around the arc electrodes. 

With this arrangement oscillations are produced rang- 
ing from 30,000 to 100,000 per second. Dr. DeForest 
and other scientists have explained the phenomena as 
follows: The completion of the current around the arc 
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causes a rush of current into the shunt circuit in order 
to charge the condenser, thus drawing current away from 
the arc and increasing the resistance between the elec- 
trodes of the arc. This causes still more current to seek 
the condenser, charging it with a voltage higher than the 
normal capacity of the arc. This causes the condenser 
to discharge through arc, increasing the arc current and 
decreasing the resistance betwen the electrodes. As the 

condenser will discharge too much, the reverse process 

I- 

takes place, and thus the condenser is alternately over- 
charged and undercharged, and the circuit of which the 








Fiff. 76. Elihu Thomson Wave Generator. 

condenser and inductance are parts, sustain an alter- 
nating current, whose frequency depends upon the re- 
sistance of the arc. 

The above principles are utilized in a number of dif- 
ferent wireless telephone systems. 

Duddell experimented with the above arrangement but 
no records can be found where he improved in any way, 
on the original plan of Prof. Elihu Thomson. However, 
a number of foreign writers have erroneously given Dud- 
dell the credit. 
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Poulsen was the first to utilize the above plan for wire- 
less coinmunicg,tion. He also further improved on the 
original' method by burning the arc in a gas field and 
using one copper water-cooled electrode, and one of car- 
l)on. With this plan he succeeded in getting alternations 
at a much greater frequency than with the original plan. 

The alternations were farther increased by placing the 
arc under a magnetic stress. In some systems this is 
accomplished by winding turns of wire over an iron 
<5ore, the D. C. current flowing through this winding,, and 
the ends of the core being placed in near proximity to 
the arc. 

Among the investigators who have done notable work 
with this type of oscillator may be mentioned Dr. DeFor- 
esty Poulsen, R'uhmer and others. 

Prof. Fessenden has departed from the type given 
above and devoted his time to the perfection of a high 
frequency alternator, or - generator, and has developed 
the machine to where it can be used for practical wire- 
less telephony. Nikola Tesla was one of the earliest ex- 
perimenters to begin words on high frequency alterna- 
tors and his research work along this line has proven 
useful to the latter day investigators. Tesla designed a 
type which gave a frequency of 10,000 cycles per second. 
The construction of such generators is very difficult and 
expensive, and at the present time this is the greatest 
drawback to wireless telephony where this type of ma- 
chine is used. However, ywith the constantly growing 
knowledge of the inner details, and the more systematized 
methods of manufacture, it may be possible at some early 
date to put the generators out at low cost. The alterna- 
tor employed by Prof. Fessenden is described in his sys- 
tem of wireless telephony. 
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DB FOREST SYSTEM OF WIRELESS TELEPHONY. 

The DeForest system of wireless telephony which has 
been recently put in use on the United States war vessels 
is one of the most practical and efficient systems yet 
designed. Dr. DeForest employs the Elihu Thomson 
method of producing continuous oscillation, but has 
added many improvements and exclusive features. One 
of the main features of the DeForest system is the Audion 
detector which has proven to be especially adaptable for 
wireless telephony. The Audion was described in detail 
in Chapter VI. A view of the complete DeForest set as in- 
stalled on the flagship Connecticut (United States Navy) 
is shown in Figure 77. To the right is shown the com- 
plete receiving set consisting of the Audion detector, 
storage battery for operating Audion, rheostat, etc., and 
on top of the case, the unique ''pan cake^' tuner which 
has been previously described. 

To the left is shown the transmitting set consisting of 
the case containing the transformer, the transmitter, and 
overhead, the hot wire ammeter and necessary switches. 
The wiring diagram of the complete set is shown in 
Figure 78. The 250-volt generator supplies the current 
which burns the arc. The arc in this instance consists of 
one electrode of carbon and one of copper. The electrodes 
are burnt in the vapor from the flame of an alcohol lamp. 
As shown the inductance coil B is shunted around the 
two electrodes with the condenser in series. The upper 
terminal of the secondary of the inductance coil leads 
to the aerial wire, and the lower to the hot wire ammeter, 
switch and transmitter. 

In operation the current from the dynamo flows 
through the choke coils, the choke coils being inserted in 
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order to prevent the alternations from flowing back on the 
line circuit. The arc due to the peculiar conditions under 
which it is burning, sets up alternations of about 100,000 
per second. The alternations charge the condensers, 
which discharge through the turns of the inductance coil 
B. This induces a like current of enormous potential in 
the secondary turns of the coil, the current flowing 
through the aerial wire, and to the ground through tlie 
hot wire — ammeter and transmitter. 

The current surging through the aerial and ground 
owing to the high number of alternations is noiseless, 
and no indication would be made on a distant receiver, 
but if some slight variation was made in the aerial cir- 
cuit so that the wave would be changed in a like manner, 
the indication would be heard. It is the purpose of the 
transmitter to make such variations. 

We can consider the current flowing from the second- 
ary of the inductance coil B in one continuous stream. 
The current flows through the transniitter and if the 
transmitter be spoken into, the diaphragm will be set in 
vibration to the same proportion. This vibration is im- 
pressed on a mass of conducting granules, and changes 
in a like manner the conductivity and resistance of the 
mass, thereby changing the wave flowing through to*the 
same proportion, and sending out a wave impressed with 
the modulations of the spoken words. 

This wave motion spreads out and is picked up by the 
aerial wire of the receiving end and conducted down to 
the ground through the turns of the transformer C. A 
like current is induced in the opposite turns of the 
transformer connected to the audion. Within the audion 
is ionized gas which is a partial conductor. The incoming 
current increases and decreases the ionization of the sslS 
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in proportion to the spoken words at the sending end. 
The receiver is included in the circuit as shown with a 
separate set of batteries. The ionization causes the cur- 
rent flowing through the receiver to vary and translates 
the current into articulate speech. 

This is the operation of not only the DeForest wire- 
less telephone but all other systems as well. 

A complete ifet in actual use on shipboard is shown 
in Fig. 79. The tower as erected on the Terminal build- 
ing, New York, is shown in Fig. 80. The tower is 110 
feet high and rests 310 feet above the street lev6l. The 
cross arm is supported by means of a rope run through 
a pulley and will allow the whole to be lowered for in- 
spection of the aerial wires. The aerial consists of eight, 
stranded phosphor bronze wires which drop from the 
cross arm to the roof of the building and here are con- 
nected to the lead-in that runs down to the room in which 
the instruments are located. The distance covered from 
this station has an average range of 75 miles, but this 
will soon be increased indefinitely as the new and more 
powerful instruments are installed. 

The DeForest patents pertaining to wireless telephony 
are controlled by the Radio Telephohe Co., arid important 

« 

installations are being made along coast line and on the 
steamers of the Great Lakes. Dr. DeForest is at the 
present perfecting a device, which will indicate the dis- 
tance between ships at sea, ships to land, or for other 
available uses. Contrary to the general opinion, such 
instruments are very simple. The device operates accord- 
ing to the following : A whistle is sounded and a wireless 
wave sent out, the operator at the receiving end notes the 
tune between the reception of the wireless wave and the 
sound wave and as each of these have a certain rate of 
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Fig. SO. Tower on Terminal BuildloK, New Tork. 
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speed he can calculate the distance by the time between 
the two. 

While this device is limited to the range of the sound 
wave, yet in case of storm, or fog, the ships could cal- 
culate the distance from one another and avoid collisions. 
It is expected that this device will soon come in universal 
use. 

THE FESSENDEN SYSTEM. 

No other investigator has devoted more time to the 
study of wireless communication than Prof. Fessenden, 
and the various instruments and improvements which he 
has brought out in the last few years speak for them- 
selves. 

His experiments in wireless telephony cover a broad 
range as he has used the majority of methods but has 
finally adopted the high frequency alternator as pro- 
ducer of the continuous oscillation and has, with it, been 
able to hold communication over a distance of 100 miles. 

Prof. Fessenden 's first experiments were with a very 
simple set. The circuit consisted of an induction coil, 
with the primary terminal connected to a battery source 
and mechanical **make and break'' that gave 10,000 
sparks per second. The secondary terminal was con- 
nected to the aerial and ground with transmitter in- 
cluded. With this arrangement communication was held 
over a distance of 1 mile, although the articulation, it is 
understood, was by no means good owing to the irregular- 
ity of the spark. 

Exp'eriments were conducted with other types of gene- 
rators which gave up to 20,000 sparks per second, but 
results were poor with all these types, as the received 
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speech was accompanied with a harsh, grating noise, due 
to the slow speed of alternation. 

The alternator which is used at the present day runs 
at a frequency of 80,000 to 100,000 per second, and the 
disagreeable noise at the receiving end has been entirely 
eliminated. Such an alternator when run at a frequency 
6f 81,700 per second, gives a voltage of 150 volts open 
circuit and a field current of 5 amperes. 



• * •' 
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Pigr. 82. Transmitting- Circuits Employed by Prof. Fessenden. 



The interior view of a station is shown in Fig. 81. 
The high frequency alternator is shown to the right ; the 
receiving equipment, telephone transmitter, and measur- 
ing instruments to the left. 

A number of different plans can be utilized for modi- 
fying the emitted wave to the voice inflections. Three 
different plans are shown in Pig. 82. The plan to the 
left consists of a primary and secondary winding wound 
on an iron core. The primary terminals are connected 
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to the aerial lead and the secondary terminal to a trans- 
mitter and set of batteries. If the transmitter be spoken 
against the resistance of the secondary will be changed 
and in a like manner the iron field, varying the induct- 
ance of the primary winding to the same proportion, and 
the wave flowing through. No receiving circuits are 
shown as the same cycle of transformation, as explained 
in this DeForest system above, take place in all receiving 
circuits, whether the audion detector is employed or not. 

In the middle plan what is known as the condenser 
transmitter is employed. This transmitter is very simple 
and unique in operation. It consists of a fixed metal 
plate with a thin plate, free to vibrate in front of it. 

If the thin plate is spoken against it will vibrate and 
increase and decrease the air dielectric separating the 
plates, to the same proportion as the spoken words, im- 
pressing on the wave current flowing through the varia- 
tions of the voice. Prof. Fessenden regarding this trans- 
mitter says the following: '*As a practical illustration 
with a diaphragm, 2 centimeters in diameter, a movement 
of 1-100 of an inch inwards with the arrangement used 
for telephoning to Plymouth reduced the current from 
3'1 amperes to 2'5 amperes. This is without a resonant 
circuit 'between the movable terminals of the condenser 
transmitter and ground. With this and other modifica- 
tions, which I cannot publish at the present, much greater 
effects are obtained.'' The writer in experiments has 
found that this transmitter gives wonderfully clear and 
articulate tones, but seemingly the current is reduced 
to such an extent that it would not be adaptable for 
long distance use. 

To the right hand side is shown the carbon transmitter. 
This type was fully described in the preceding DeForest 
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System. Numerous plans can be used and it has not yet 
beeq determined which method is the best. From the 
methods which have been shown, the reader can under- 
stand that the question of providing a suitable transmit- 
ter is a very important one. The objection to the ordinary 
transmitter is that it will not carry over one half ampere, 
and the current to be utilized ranges up to five amperes. 
A transmitter that has been utilized to a certain extent is 
made by arranging several transmitters in a circle, so 
that the voice will actuate the whole, the current divid- 
ing up among the various transmitters. This type, how- 
ever, has never proven practical. 

Prof. Fessenden employs a certain type of receiver, 
known as the Heterodyne receiver, which he says is far 
more sensitive than the ordinary telephone receiver, and 
is employed direct in the aerial circuit. Prof. Fessenden 
gives a description of the receiver as follows in the Elec- 
trical Review. 

**A11 forms of voltage operated receivers, and most 
forms of current operated receivers, with the exception 
of two or three of the writer's invention, are very ineffi- 
cient. Even the liquid barreter, which is as sensitive as 
any of those in common use, has an efficiency of only 
about one tenth of one per cent for weak signalk This 
might of course, be expected from the fact that the liquid 
barreter forms a thermo-dynamic Engine." 

**In the writer's experiments the magnetic receiver is 
rather less efficient ; in any case, the efficiency, or rather 
the unefficiency, is of the same order of magnitude. 

* * A liquid barreter or a magnetic receiver will give an 

audible indication between 1-lOOth and 1-lOOOth of an 

« 

erg. An ordinary telephone receiver requires to pro- 
duce an indication less than a millionth of an erg. 
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**It is evident if any method could ,be devised for using 
the telephone receiver dii^ect the eflSciency would be in- 
creased about a thousand times." 

**This the writer has succeeded in doing with his Het- 
erodyne receiver. This is a combination of ** beats'' 
method of United States patent 706,740 and the method 
of operating b^ continuously generated waves of United 
States patent 706,737.'' 

A telephone is constructed having a fixed magnetic 
core formed of iron wires 1-lOOOth of an inch thick, and 
excited from a source of high frequency such as a fre- 
quency or condenser dynamo. 

A small coil with or without a core is cemented to a 
thin mica diaphragm, and this coil is arranged to be 
excited by the. oscillations produced by the received mag- 
netic waves. 

It is, of course, impossible to make the frequency of the 
wave generated at the sending station exactly equal to 
the high frequency oscillations, generated at the re- 
ceiving station. In fact this is not desirable for most 
work. Advantage is, however, taken of the fact that if 
the frequencies are slightly different, beats will be pro- 
duced and the telephone will emit a musical note. This 
is undoubtedly the most efficient form of receiver in 
existence, and it is doubtful if the method will be im- 
proved upon so far as most classes of work are concerned. 
No difficulty is found in practice in maintaining the 
frequency of wave generators, or wave mills as they are 
called, to within one-quarter of one per cent by automatic 
means. 

One advantage of the Heterodyne receiver is, that it 
is obviously unaffected by atmospheric disturbances or by 
r.sturbances f^'om nearby stations, and that it lends it- 
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self very nicely to multiplex working, it being unneces- 
sary to point out that there is no difficulty with this re- 
ceiver in receiving a mesi^age on the same aerial which is 
being used to transmit a message to another station. This 
places for the first time wireless telegraphy on an abso- 
lutely commercial basis and renders it. capable of enter- 
ing into competition with both landlines and cables. 





fcei 



Figr. 83. Heterodyne Receiver. 

'With the Heterodyne system, practically any number 
of messages can be simultaneously transmitted and re- 
ceived on the same aerial without interference from each 
other, or from neighboring stations. 

The diagram of the Heterodyne receiver circuits is 
shown in Fig. 83. A second interior view of the Fes- 
senden station is shown in Fig. 84. 



THE POULSEN SYSTEM. 

Mr. Poulsen, the Danish ** Edison," is deserving of 
special mention as his system was the first to utilize the 
Elihu Thomson method of producing continuous oscilla- 
tions. Soon after his original experiments investigators 
in all parts of th^ world realized the broad advantages 
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to be derived from sparkless system of wireless eommuni- 
eation, and many improvements have been added since 
that date by both American and foreign inventors. 

Mr: H. Gernsbaek of the Modern Electrics Publication 
describes the station at Ljrngby, near Copenhagen as 
follows : The aerial is elevated to an approximate height 
of 280 feet. Two masts about 90 meters apart support 
the aerial elevation. 

A 20 H. P. Gasoline Engine drives a 10 K. W. 500 
volt dynamo, which supplies the current to the arc lamp. 
The arc is placed in a strong magnetic field. 

The positive electrode of the arc is of copper, the nega- 
tive of carbon. If more than 6 K. W. are used the copper 
anode is constantly cooled by means of water circulation 
to the interior of the electrode. 

Instead of burning the arc in the flame of an alcoholic 
lamp or supplying the hydrogen by means of a generator, 
alcohol is dropped in slowly to the chamber. It is 
said that one or two drops per second are sufficient for 
a load of K. W. 

From the above description the reader will see that 
the Poulsen system is nearly identical with the DeForest 
system. 

RUHMER SYSTEM. 

Prof. Ruhmer, it will be remembered, has conducted 
quite an extensive series of experiments with the Radio- 
phone or Photophone as previously described. He is 
now devoting his time to a system of wireless telephony 
utilizing the continuous oscillation producer and is doing 
creditable work. 

The circuit of the Ruhmer set is shown in Fig. 85. 
The sending ecd is shown to the left hand side and the 
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receiving to the right. The are A is burnt in a 
hydrogen field and shunted by the Leyden jar con- 
densers E, through the primary of a Tesla coil F. 

In this case the transmitter is not placed in the aerial 
radiating circuit. C represents an induction coil with 
primary and secondary windings. The 220 V. D. C. 
which supplies the arc lamp flows through the primary 
of this coil. To the secondary is connected the battery D 
and transmitter B. When the transmitter is spoken 
against the inductance of the turns C is changed to the 
same extent, and likewise the current Avowing through 
which supplies the arc. This sets up a series of oscilla- 
tions affected with the voice tones which surges through 
the primary of the coil F and induces a like current in 
the aerial. 

The receiving circuit employs the liquid detector in 
iihunt with a condenser, and in series with a battery and 
telephone receiver. 

No record is given of the distance covered with this 
equipment. 

LAUGHTER WIRELESS TELEPHONE SYSTEM. 

A system that has been designed and put in use by the 
writer is shown in Fig. 86. As this plan embodies several 
novel features a description willj3e given. 

Two arcs A-A are burnt in series on a 440 volt direct 
circuit. ^ Solid triangular shaped carbons are used as 
this style has been found to give better alternations. Blow 
out magnets are located behind each arc flame. The 
current flowing through the winding energizes the blow 
out magnets and places the arcs in a state of magnetic 
^stress. The alternations are sent surging from one arc to 
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the other with the result that the alternations increased to- 
an indefinite amount over the arrangement where only 
one arc is used. The arcs are burnt in the usual hydro- 
gen field. 




Fig., 86. Laughter Wireless Telephone System. 

A special type of transmitter D is connected across the 
windings over the blow out magnets, with a small con- 
denser E in series. It is the purpose of the condenser to 
prevent the direct current from flowing through the- 



170 ' WIRELESS TELSOBAPHY 

transmitter. However a certain amount of current will 
leak through the condenser. By varying the conductiv- 
ity of D, the leakage will vary in a like manner. If 
variations on D are caused by the voice, the leakage will 
be of like proportion, and cause a corresponding change 
in the amount of current energizing the blow out magnets, 
and change the alternations as set up, to the same fre- 
quency as the spoken words.' The alternations now flow 
through the primary of the transformer 6 and induce a 
like current in the secondary which flows out the aerial to 
the ground and produ<5e a wave motion impressed with 
the voice tones. 

The turns on the blow out magnet B-B are so made 
that a different number turns can be thrown in the cir- 
cuit as desired, until the most sensitive point has been 
reached. A special type of transformer is employed at 
G, but a more complete description can not, for obvious 
reasons, be given at the present. 

The receiving set is the ordinary tuned circuit, with 
liquid detector, as employed in general use. 

No attempts have ever been made to talk over great 
distances with this set, but the writer believes that this 
arrangement is more eflScient than several of the methods 
employed today. Over the distance which it has been 
used the tones were clear and articulate. 

WIRELESS TELEPHONY IN GENERAL. 

Prom the systems which have been described the read- 
ers will see that the majority are based on the same plans 
and no positive statement could be made as to which type 
is the more efficient. However, considering the develop- 
ment in a general way, we can not fail to realize the won- 
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derful future in store for the new sparkless system of 
wireless communication. The most important feature lies 
in the tuning. Heretofore, with the spark gap a wave 
was sent out which consisted of many irregularities and 
tuning was only possible where a broad difference 
existed in the tune of the respective stations. With the 
new system, the outgoing wave current may be compared 
to water flowing continuously through a pipe. The tun- 
ing instruments at the sending end vary the quantity 
of this flow, and the tuning instruments at the receiving 
end are set to the point where response will be made only 
to the amount of flow from this respective sending end. 

In this manner a number of messages can be received 
on one aerial at the same time. In fact, the tuning can 
be extended to almost any poissible degree. 

By use of proper relays, it is now possible to hold 
conversation with a steamer at sea, from any point to 
where the ordinary wire lines extend. In operation the 
party talks into the telephone, which sets up a current 
that flows out over the ordinary wire line to the wire- 
less station. Here, the current actuates a relay which in 
turn controls the wave radiated from the wireless station, 
setting up in the ether a wave impressed with the modu- 
lations of the voice as spoken into at the wire telephone. 
This wave is picked up by the aerial at the receiving end 
and translated into speech. 

When the party on the steamer speaks into the trans- 
mitter, the same cycle of transformation is gone through 
and waves radiated into the ether. The above wireless sta- 
tion picks the wave up, conducts on the telephone line to 
the receiver, and is again here translated into speech. 

Among the other important features of the wireless 
telephone, is the fact that convers*ation is many times 
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more audible over the 'wireless than over the wire tele- 
phone. This js due to the distorting effects which the 
wire line has to the electric current. If it were not for 
this distorting effect conversation could be held over 
wire lines to an indefinite distance. The best known in- 
vestigators predict that it will only be a matter of a 
short while before the wireless telephone will supplant 
the wire telephone for long distance use. 

It has been suggested that wireless telephone sets can 
be placed on moving trains and communication held with 
other points. The value of such a service is evident for 
the danger of collisions would be reduced to a minimum, 
and an unknown convenience provided to all travelers. 

However, as previously stated, it would be impossible 
to predict the ultimate ending of wireless development, 
for each month brings some new improvements, that 
opens up a new utility hitherto undreamed of. 



CHAPTER XI. 

WIRELESS GLOSSAR"* ^ 

WORDS, TERMS AND PHRASES USED IN W*iKl^i©38 £1iAC?WCBS. 

The invention of the wireless telegraph and telephone and 
the marvelous progress that has been made in the field of radio 
engineering during recent years has resulted in the creation of 
certain terms and phrases in connection therewith, the meaning 
of which is apt to be confusing to the mind of the average 
student. 

The list is arranged in alphabetical order, and the terms are 
arranged according to the noun referred to. 

The definitions of terms and the illustrations of Standard 
Graphical Symbols presented in the following pages are re- 
printed by-permission of the Institute of Radio Epgineers, New 
York City. 

1. Absorption, Atmospheric: That portion of the total loss of 
radiated energy due to atmospheric conductivity. 
^Hot Band: 

Hot Wire: An ammeter dependent for its indica- 
tions upon the change in dimensions of an element which 
is heated by a current thru it. 

3. Ammeter, Thermo: An instrument for measuring current^ de- 

pending for its indications on the voltage generated at 
the terminals of a thermo junction heated either directly 
or indirectly by the current to be measured. 

4. Amplifier or AmplifSrlng Belay: An instrument which modi- 

fies the effect of a local source of energy in accordance 
with the variations of received energy; and, in general, 
produces a larger indication than could be had from the 
incoming energy alone. 

5. Amplification, Coefficient of: The ratio of the useful effect 

obtained by the employment of the amplifier to the useful 
effect obtained without that instrument. 

6. Antenna: A system of conductors designed for radiating or 

absorbing the energy of electromagnetic waves. 

173 
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7. Antenna, Directive: An antenna having the property of 

radiating a maximum of energy in one (or more) direc- 
tions. 

8. Antenna^ Flat Top: An antenna having horizontal wires at 

the top covering a large area. 

9. Antenna, Harp: An antenna having an approximately vertical 

section of large area and considerable width. 

10. Antenna^ Inverted L: A flat top antenna in which the lead- 

ing down wires are taken from one end of the long nar- 
row horizontal section. 

11. Antenna, Loop: An antenna in which the Wires form a 

closed circuit, part of which may be the ground. 

12. Antenna, Plain: An approximately vertical single wire. 

13. Antenna, T: A flat top antenna in which the horizontal sec- 

tion is long and narrow, the leading down wireer being 
taken from the center. 

14. Antenna* Umbrella: One whose conductors form the ele- 

ments of a cone from the elevated apex of which the 
leading down wires are brought. 

15. Antenna Besistance: An effective resistance which is nu- 

merically equal to the ratio of the power in the entire 
antenna circuit to the square of the B. M. S. current at a 
potential node (generally the ground). 
Note: Antenna Besistance includes 

Radiation resistance 

Ground resistance 

Badio frequency ohmic resistance of antenna and 
loading coil and shortening condensers. 

Equivalent resistance due to corona, eddy currents, 
and insulator leakage. 

16. Arc: The passage of an electric current of relatively high 

density thru a gas or vapor the conductivity of which 
is mainly due to the electron emission from the self- 
heated cathode. Under present practical conditions, the 
phenomena take place near atmospheric pressure. 

17. Arc Oscillator: An arc used with an oscillating circuit for 

the conversion of direct to alternating or pulsating cur- 
rent. The oscillations generated are classified as follows: 
Class (1). Those in which the amplitude of the oscilla- 
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^ tion circuit current produced is less than the direct cur- 
rent thru the arc. ^ 

Glass (2). Those in which the amplitude of the oscilla- 
tion circuit current is. at least equal to the direct cur- 
rent, but in which the direction of the current thru the 
arc is never reversed. 

Glass (3). Those in which the amplitude of the initial 
portion of the oscillation circuit current is greatei; than 
the direct current passing thru the arc, and in which 
the direction of the current thru the arc is periodically 
reversed. 

18. Attemuatioa (Radio). This is the decrease, with distance 

from the radiating source, of the amplitude of the elec- 
tric and magnetic forces accompanying (and constitut- 
ing) an electro-magnetic wave. 

19. Attenuation, Coefficient of (Radio). The coefficient, which, 

when multiplied by the distance of transmission thru a 
uniform medium, gives the natural logarithm of the 
ratio of the amplitude of the electric or magnetic f orcea 
at that distance to the initial value of the corresponding 
quantities. 

20. Audibility: The ratio of the telephone current variation 

prodoicing the received signal, to that producing an 
audible signal. (An audible signal is one which permits 
the mere differentiation of dots and dashes.) 

The measurement of audibility is an arbitrary method 
for determining the relative loudness of telephone re- 
sponse in radio receivers, in which it is stated that a 
signal has an audibility of given value. The determina- 
tion of the above ratio may be made by the non-inductive 
shunt-to-telephone method, except that a series resist- 
ance should be inserted to keep the main current con- 
stant, and that the shunt resistance should therefore be 
connected as a potentiometer. 

21. Brash or Coronal Losses: Those due to leakage convection 

electric currents thru a gaseous medium. 

22. Cage Conductor: A group of parallel wires arranged as the 

elements oj£ a long cylinder. 

Note: Any conducting element of an antenna may h% 
a cage conductor. 
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23, Capacity, Effective, of an Antenna: The effective capacity 

and effective inductance of an antenna at any oscillation 

^ • frequency are the equivalent capacity and inductance 

values determined from the afoUowing fundamental 

equations: 






(1) 



where L = the total antenna inductance, 
C = the total antenna capacity, 
to = the angular velocity of the free alternating 
currents in the antenna. 



"'4 ■ 
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(2) 



or d'=irB'^^^ (2a) 

where B' = series resistance inserted at the base of the 

antenna and 
d' = increased decrement resulting therefrom. 
Solving (1) and (2a) for L and C, we have 

^=ZW=WxWxW' ^ (X in meters) 

Having the antenna inductance and capacity, the re- 
sistance B of the antenna can be determined from equa- 
tion (2). This value of B satisfies the fundamental 
equation: 

BP = power absorbed by the antenna, 
where / = current measured at the base of the antenna. 

Note: The equation 

I = (oCE 



(and also E = , * / ) 



defines an effective voltage E, which is the voltage ap- 
proximately given by the equation, 

Energy per spark = C E*. 
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24. Center of Capacity of an Antenna: See Foria Factor, Note 2. 

25. Changer, Frequency: A device delivering alternating cur- 

rents at a frequency which is some multiple of frequency 
of the supply current., 

26. Changer, Wave: A transmitting device for rapidly and posi- 

tively changing the wave length. 

27. Characteristic, Dynamic, of a Conductor: (For a given fre- 

quency and between given extremes of impressed E. M. F. 
and resultant current thru the Conductor): This is the 
, relation given by the curve obtained when the impressed 
E. M. F.'s are plotted as ordinates against the resultant 
currents as abscissas, both E. M. F.'s and currents vary- 
ing at the given frequency and between the given ex- 
tremes. 

28. Characteristic, Static, of a Conductor: This is the relation 

given by the curve plotted between the impressed electro- 
motive force as ordinates and the resultant current thru 
the conductor as abscissas, for substantially stationary 
conditions. 

29. Coefficient, Attenuation, Badio: See Attenuation. 

30. Coefficient of Amplification. See Amplification. 

31. Coefficient of Coupling, Inductive: Tlie ratio of the effective 

mutual inductance of two circuits to the square root of 
the product of the effective self inductance of each of 
these circuits. 

32. Coherer: A device sensitive to radio frequency energy, and 

characterized by (1) a normally high resistance to cur- 
rents at low voltages, (2) a reduction in resistance on the 
application of an increasing electromotive force, this 
reduction persisting until eliminated by the application 
of a restoring or disturbing mechanical force, and (3) 
the substantial absence of thermo-electric or rectifying 
action. 

33. Communication, Badio: The transmission of signals by 

means of electromagnetic waves originating in a con- 
structed circuit. 

34. Compass, Badio: A radio receiving device for determining 

the direction (or the direction and its opposite) in which 
maximum energy is received; or 
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A radio transmitting device for determining the direc- 
tion (or the direction and its opposite) of maximum 
radiation. 

35. Condenser, Air: A condenser having air as its dielectric. 

36. Condenser, Compressed Gas: A condenser having compressed 

gas as its dielectric. 

37. Conductor, Cage: See Cage Conductor. 

38. Corona: See Brush or Corona Losses. 

39. Counterpoise: A s^tem of electrical conductors forming 

one portion of a radiating oscillator the other portion of 
which is the antenna. In land stations^ a counterpoise 
forms a capacitive connection to ground. 

40. Coupler: An apparatus which is used to transfer radio fre- 

quency energy from one circuit to another by associating 
portions of these circuits. ' 

41. Coupler, Capacitlye: An apparatus which, by electric fields, 

joins portions of two radio frequency circuits; and which 
is used to transfer electrical energy between these cir- 
cuits thru the action of electric forces. 

42. Coupler, Direct: A coupler which magnetically joins two 

circuits having a common conductive portion. 

43. Coupler, Inductive: An apparatus which by magnetic forces 

joins portions of two radio frequency circuits and is used 
to transfer electrical energy between these circuits thru 
the action of these magnetic forces. 

44. Coupling: See Coefficient of Coupling (Inductive). 

45. Current, Damped Alternating: An alternating current whpse 

amplitude progressively diminishes. (Also called oscil- 
lating current.) 

46. Current, Forced Alternating: A current, the frequency and 

damping of which are equal to the frequency and damp- 
ing of the exciting electromotive force. See further Cur- 
rent, Free Alternating. 

Note 1: During the initial stages of excitation, both 
free and forced currents co-exist. 

47. Current, Free Alternating: The current following any trans- 

ient electromagnetic disturbance in a circuit having ca- 
pacity, inductance, and less than the critical resistance* 
See further, Kesistance, Critical. 
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48. Curve, Distribution, of a Radio Transmitting Station for a 

given distance: This is a polar curve the radii vectors of 
which are proportional to the field intensity of the radia- 
tion at that distance in corresponding directions. See 
also Compass, Badio. 

' Note 1: The distribution curve depends, in general, 
not only on the j^orm of the antenna, but also on the na- 
ture of the ground surrounding the station. 

Note 2: The distribution curve generally varies with 
the distance from the station. 

49. Curve, Resonance, Standard: A curve theordinates of which 

are the ratios of the square of the current at any fre- 
quency to the square of the resonant current, and the 
abscissas are the ratios of the corresponding wave length 
to the resonant wave length; the abscissas and ordinatos 
having the same scale. 

50. Cyclogram: See Characteristic, Dynamic. 

51. Cyclograph: An instrument for the production of cyclo- 

grams. 

52. Decrement: See Decrement, Linear, and Logarithmic. 

53. Decrement, Linear, of a Linearly Damped Alternating Cur- 

rent: This is the difference of successive current ampli- 
tudes in the same direction divided by the larger of these 
amplitudes. 

Note: Let In and /n + i be successive current ampli- 
tudes in the same direction of a linearly damped alter- 
nating current. 

Then, the linear decrement 

■• In * n *T" 1 

' = Z 

Also: It = Io (l — hft)y 

where 7o = initial current amplitude, 

It = current amplitude at time t, 
/ = frequency of alternating current. 

54. Decrement, Logarithmic, of aa expon^itially damped alter- 

nating current: This is the logarithm of the ratio of suc- 
cessive current amplitudes in the same direction. » 

Note : Logarithmic decrements are standard for a com- 
plete period or cycle. 
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Let 7n aiid In-\- 1 l>e successive current amplitudes in the 

same direction, 

d = logarithmic decrement. 

Then, d = loge y-^ — •, where e = 2.718 +. 

55. DecreaiSter: An instrument for measuring the logarithmic 

decrement of a circuit or of a train of electromagnetic 
waves. 

56. Detector: That portion of the Yeceiving apparatus which, 

connected to a circuit carrying currents of radio fre- 
quency, and in conjunction with a self-contained or 
separate indicator, translates the radio frequency energy 
into a form suitable for operation of the indicator. This 
translation may be effected either by the conversion of 
the radio frequency energy, or by means of the control 
of local energy by the energy received. 

57. Device, Acoustic Besonance: A device which utilizes in its 

operation resonance to the audio frequency of the re- 
ceived signals. 

58. Dlplex'Beception: The simultaneous reception of two sig- 

nals by a single operating station. 

59. Dlplex Transmission: The simultaneous transmission of two 

signals by a single operating station. 

60. Duplex Signaling: The simultaneous reception and trans- 

mission of signals. 

61. Excitation, Impulse: A method of producing free alternating 

currents in an excited circuit in .which the duration of 
the exciting current is short compared with the duration 
of the excited current. 

Npte: The condition of short duration implies that 
there can be no appreciable reaction between the circuits. 

62. Factor, Dsimping: The product of the logarithmic decre- 

ment and the frequency of an exponentially damped 
alternating current. 

Let Jo = initial amplitude, 

Jt = amplitude at the time t, 
e = base of Napierian logarithms (2.718 + ), 
a = damping factor, 
Then, It = Io€ -** 
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93. FftCtor, Form: The form factor of a symmetrical antenna 
for a given wave length is the ratio of the algebraic aver- 
age value of the B. M. S. currents measured at all heighjts 
to the greatest of these B. M. S. currents. 

Note 1: For a given H. M. S. current at the base of 
the antenna, the field intensity at distant points is pro- 
portional to the form factor times the height of the 
antenna. 

Note 2: The effective height (height of center of 
capacity) is equal to the form factor times the actual 
height of the antenna. 

Note 3: The limiting values of the form factor for 
various types of antennas are as follows: 

Linear or Flat Top 

Vertical Antenna Umbrella Antenna 

Long Waves Lower Limit, 1/2 Upper Limit, 1 

Fundamental (Lower Limit, 2/ir ' 

Note 4: The form factor varies in a given antenna 
at various wave lengths due to variation of the current 
distribution. 

64. Ftequencies, Andio (abbreviated a. f.): The frequencies 

corresponding to the normally audible vibrations. These 
are assumed to lie below 10,000 cycles per second. 

65. Frequencies, Badio (abbreviated r. f.): The frequencies 

higher than those corresponding to the normally audible 
vibrations, which are generally taken as 10,000 cycles per 
second. See also Frequencies, Audio. 

Note: It is not implied that radiation cannot be se- 
cured at loTtrer frequencies, and the distinction from audio 
frequencies is merely one of definition based on con- 
venience. 

66. Frequency, Changer: Bee Changer^ Frequency. 

67. Frequency, Group: The number per second of periodic 

changes of amplitude or frequency of an alternating cur- 
rent. 

Note 1: Where there is more than one^ periodically 
recurrent change of amplitude, or frequency, there is 
more than one group frequency present. 
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Note 2: The term "group frequency" replaces th< 
term '"* spark frequency. ' ' 
6d. Frequency Transformer: See Changer^ Frequency. 

69. Fundamental of an Antenna: This is the lowest frequency 

of free oscillations of the unloaded antenna. (No seriep 
inductance or capacity.) 

70. Fundamental Wave Length: The wave length corresponding' 

to the lowest free period of any oscillator. 

71. Oap, Micrometer: A device for protecting any apparatui^ 

from excessive potentials, and consisting of a short gap 
designed for fine adjustment. 

72. Oround: A conductive connection to the earth. 

73. Height, Effective, Of an Antenna: See Factor, Form; Note 2. 

74. Inductance, Effective of an Antenna: Se^ Capacity, Effect' 

tive of an Antenna. 

75. Impulse Excitation: See Excitation, Impulse. 

76. Interference, Wave (In Radio Communication): The rein* 

forcement or neutralization of waves arriving at a re- 
ceiving point along different paths from a given sending 
station; (to be distinguished from ordinary or station 
interference, which is the simultaneous reception of sig- 
nals from two or more stations). 

77. Key: A switch arranged for rapidity of manual operation 

and normally used to form the code signals of a radio- 
gram. 

78. Key, Belay: See Relay Key. 

79. Iiongth, Wave: See Wave Length. 

80. Losses, Brush or Corona: See Brush or Corona Losses. 

81. Meter, Wave: See Wave Meter. 

82. Oscillations (In radio work): See Current, Damped Alter- 

nating. 

83. Oscillator, Arc: See Arc Oscillator. 

84. Potentiometer: As commonly used for i^adio receiving ap- 

parati^s, a device for securing a variable potential by 
utilizing the voltage drop across the variable portion of a 
current carrying resistance. 

85. Badiation, Sustained: See Waves, Sustained. 

86. Badiogram: A telegram sent by radio. 

87. To Badiograph (verb) : To send a radiogram. 
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88. Radio Telephone: An apparatus for the transmission of 

speech by radio. 

89. Badiophone (noun) : A telephone message sent by radio. 

90. To Badiophone (verb) : To send a radiophone. 

91. Bectifier, Electron: A device for rectifying an alternating 

current by utilizing the approximately unilateral con- 
ductivity^ between the hot cathode and a relatively cold 
anode in so high a vacuum that a pure electron current 
flows between the electrodes. 

92. Bectifier, Gas: An electron rectifler containing gas which 

modifies the internal action by the retardation of the 
electrons or the ionization of the gas atoms. 

93. Belay, Electron: A device provided with means for modify- 

ing the pure electron current flowing between a hot 
cathode and a relatively cold anode placed in as nearly 
as possible a perfect vacuum. 

These means may be^ for example^ an electric control 
of the pure electron current by variation of the potential 
of a grid interposed between the cathode and the anode. 

94. Belay, Gas: An electron relay containing gas which modifies 

the internal action by the retardation of the electrons or 
the ionization of the gas atoms. 

95. Belay Key: An electrically operated key. See further, 

Key. 

96. Besistance, Antenna: See Antenna Besistance. 

97. Besistance, Critical, of a Circuit: That resistance which 

determines the limiting condition at which the oscillatory 
discharge of a circuit passes into an aperiodic discharge. 

98. Besistance, Effective, of a Spark: The ratio of the power 

dissipated by the spark to /the mean square current. 

99. Besistance, Badlatlon: This is the ratio of the total energy 

radiated (per second) by the antenna to the square of 
the E. M. S. current at a potential node (generally the 
ground connection). See further, Antenna Besistance. 

100. Besistance, Badlo Frequency: This is the ratio of the heat 

produced per second in watts to the square of the R. M. 
S. current (r. f.) in amperes in a conductor. 

101. Besonance: Hesonance of a circuit to a given exciting 

alternating E. M. F. is that condition due to variation 
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of the inductance or capacity in which the resulting 
effective current (or voltage) in that circuit is a maxi- 
mum. 

Note 1: Instead of varying the inductance and capa- 
city of a circuit the frequency of the exciting field may 
be varied. The condition of resonance is determined 
by the frequency at which the current (or voltage) is a 
maximum. 

Note 2: The resonance frequency corresponds the 
more accurately to the frequency of the free oscillations 
of a circuit, the lower the damping of the exciting, alter- 
nating field and of the excited circuit. 

102. Besonance, Acoustic Device: See Device, Acoustic Beso- 

nance. 

103. Besonance, Sharpness of: See Tuning, Sharpness of. 

104. Signaling, Duplex: See Duplex Signaling. 

105. Sharpness of Tuning: The measure of the rate of diminu- 

tion of current in transmitters and receivers with de- 
tuning of the circuit which is varied. 

If ^ is the decrement of the free alternating current 
in the circuit and di the decrement of the exciting E. 
M. F., then the sharpness of tuning is arbitrarily de- 

fined a8-= — r— =- 

Ol + Ol 

106. Spark: An arc of short duration. 

107. Static: Disturbances caused by atmospheric charging of 

the antenna. 

Note: When it is definitely known that disturbances are 
due to atmospheric charging of the antenna, the word 
''Static" shall be used. In general, disturbances shall 
be called "Strays.'' 

108. Strays: Electromagnetic disturbances set up by distant 

discharges. 

109. Telegraphy, Badio: The art of sending and receiving 

. radiograms. 

110. Telephony, Badio: The art of sending and receiving 

radiophones. 
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111. Train, Wave: The waves emitted which correspond to a 

group of oscillations in the transmitter. See also, 
Frequency, Group. 

112. Transformer: In present radio practice the term should 

be restricted to audio frequency transformers. See 
Frequency, Audio. 

113. Transmission, Diplex: See Diplex Transmission. 

114. Tuning: The process of securing the maximum indica- 

tion by adjusting the time period of a driven element. 
See Besonance. 

115. Tuning, Sharpness of: See Sharpness of Tuning. 

116. Vacuum Tube, Three Electrode: As examples see Belays, 

Electron and Gas. 

117. Vacuum Tube, Two Electrode: As examples see Bectifiers, 

Electron and Gas. 

118. Waves, Electromagnetic: A periodic electromagnetic dis- 

turbance progressive thru space. 

119. Wave Length (of an Electromagnetic Wave): The dis- 

tance in meters between two consecutive maxima, of the 
same sign, of the electric and magnetic forces. 

120. Wave Length, Fundamental: See Fundamental Wave 

Length. 

121. Wave Length, Natural: In a loaded antenna (that is, 

with series inductance or capacity) the natural wave 
length corresponds to the lowest free oscillation. 

122. Wave Changer: See Changer, Wave. 

123. Wave Meter: A radio frequency measuring instrument 

calibrated to read wave lengths. 

124. Waves, Sustained: Waves radiated from a conductor in 

which an alternating current flows. 

125. Wave Train: See Train, Wave, 

TESTS AND BATING 

1001. Radio frequency generators should be rated accord- 
ing to their capacity at continuous load. The method of measur- 
ing output in operation is given in Sections 1011 and 1012 
below. Unless otherwise specified, a continuous load shall 
correspond to a locked key test. 



186 WIRELESS TELEGRAPHY 

1002. Radio transmitting sets should be rated on the basis 
of their actual antenna input, not including in antenna input 
the losses in the antenna switch, and in antenna loading iU- 
ductances or series capacities. The radio transmitting sot 
starts therefore at the first piece of electrical equipment definitely 
a part thereof, comprises all further equipment, and includes 
the antenna switch and antenna loading inductances and series 
capacities (or any other apparatus placed in the antenna circuit 
which forms part of the transmitting equipment; e. g., an 
antenna relay for break system). 

1003. The over-all efficiency of a radio transmitting set 
shall be the quotient of the actual power output measured in a 
standard antenna (either real or artificial) to the power input 
supplied to the first piece of electrical equipment which is 
definitely a part of the radio transmitter. 

Examples of the application of this rule are the following: 

1004. (a) A ship station. Direct current is supplied from the 
ship's mains to a motor generator set, which furnishes alternat- 
ing current to the high tension transformer of the radio set. 
The ratio of power in the antenna to power supplied to the 
motor of the motor generator set and to the auxiliary radio 
equipment (e. g., blower motors, rotary gap motors) is the 
over-all efficiency. 

1005. (b) An auxiliary ship station. Storage batteries are 
charged from the ship's mains, and operate a motor generator 
set or an induction coil. The over-all efficiency is the ratio of 
the kilowatt-hours supplied to the storage battery for a full 
charge to the kilowatt-hours delivered by the antenna circuit- 
during the complete time of discharge. The energy ratio, rather 
than the power ratio, is here required, because of the method 
of storing energy in such batteries. It may be conveniently 
measured by the ratio of (kilowatt-hours on discharge of the 
storage battery to kilowatt-hours on charge) multiplied by the 
ratio of (power delivered in the antenna to power supplied by 
the storage battery to the radio equipment). This method is 
closely approximate. 

1006. (c) A land station. High voltage alternating current 
(2,200 volts, for example) is supplied to the station from local 
power mains. This is stepped down to operate a motor generator 
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set whieh supplies current of the definite type desired for the 
station. The over-all efficiency is the ratio of the power output 
of the antenna to the power supplied to the motor generator. 
If the step-down transformer feeds other electrical machinery 
or apparatus not a part of the radio equipment (e. g., lamps), 
the power supplied to ^such apparatus shall be subtracted from 
the total power supplied by the step-down transformer when 
calculating the over-all efficiency. If the motor generator in 
question is used to charge storage batteries which operate the 
station, an energy ratio, somewhat as in case (b) above, must 
be taken instead of the power ratio. 

1007. (d) A land station. A large steam engine operates 
directly or indirectly an audio or radio frequency alternator 
which supplies current to the radio station exclusively. The 
over-all efficiency is the ratio of the power output in the antenna 
to the brake kilowatts of the engine driving the alternator. 

1008. (e) A land station. A steam or gasoline engine drives 
a high voltage direct current generator which feeds directly 
or indirectly arcs or special gap dischargers in the station. 
The ratio of the antenna power to the brake kilowatts of the 
engine is the over-all efficiency (under similar conditions to 
those of (c) above). 

1009. The power output shall be taken as the product of the 
total effective resistance of the antenna (not including the 
resistance of inductance coils, series antenna capacity, or 
switches and other equipment in the antenna), into the square 
of the current measured at a potential node. 

1010. Standard Antennas. Two standard antennas are pro- 
posed; one for ships carrying sets of 2.5 kilowatts or under, 
and one for ships carrying sets of 2.5 kilowatts but not greater 
than 5 kilowatts. 

1011. (a) SSCALL ANTENNAS 

Capacity= 0.001 microfarad. Inductance=50 microhenrys 
Standard Test Wave Length = 600 meters 

Test Wave Lengths Antenna Besistance 

*300 meters 8 ohms 

600 meters 4 ohms 

1200 meters 3 ohms 

1800 meters 4 ohms 
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1012. (b) LARGE ANTENNAS 

Capacity=0.002 microfarad Inductance=30 microhenrys 
Standard Test Wave Length=600 meters 

Test Wave Length Antenna Resistance 

t600 meters 4 ohms 

1200 meters 3 ohms 

1800 meters 3 ohms 

2400 meters 4 ohQis 

3000 meters 5 ohms 



•At 300 meters a suitable series condenser will be inserted in the an- 
tenna circuit. The resistance of this condenser will not be included in 
the antenna resistance, since this condenser should be supplied with» 
and forms part of, the transmitting set. 

tSee note referring to 300 meters, above. 
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Stahoato Graphical Symbols 



Alternator 
Ammeter 
Antenna 
Arc 



'kudion ' 



Buzzer, Excitimg 

Coherer 

Condenser, Audio Frequency 

Condenser, Compressed Gas 

Condenser, Radio Frequency 

Condenser, Variable 

Counterpoise 

Coupler, Inductive 

Coupler, Variable Inductive 

Decremeter 
Detector 
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STAHDARD QKA?H\CAL S\MbOLS 

( Continued ) 



Defector, Magnetic 
Frequency Meter 
Gapf Ncn Synchronous 
Gap, Quenching 
Gap, Spark 
Gap, Synchronous 



Ground 
Inductance 
Inductance, Iron Core 
Inductance, Variable 
Insulator 

Key, Relay 

Microphone 

Motor Generator, IXC, to AC 

Mover, Prime 






V 



-<^)- 




-DO- 
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Stakdmid 6KA?H\CAL Symbovs 

( CONTlHUie ) 



Receivers, Telephone 

Relay 

fiesisfance, Non-rndfjcHve^ 

» 

Resistance, Variable 
Telephone 
Thermo Jvncffon 
tikker 
(Transformer,) Frequency Changer 

Transformer, >Iron Core 
Transinifter, Telephone 



l/lacuum Tube, Th'ree Electrode 
Auction " 

Vacuum Tube, Two Electrode 
"Valve 



hTVM 



SttKey, May 



-mm- 



-pH^ wy^ -m 



5«e Receiver 



?r ?^ 



«f 



Voltmeter 



Wattmeter 
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U 



-0- 




VAnMUIMMA/ 



Wave meter 
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Abbreviations used in wireless telegraphy. . . .-. .111-114^ 

Action of voltaic cell i 

Action, magnetic 7 

spark coil 7 

of tuned sending set 52 

liquid detector 67-69' 

magnetic detector 69 

oscillaphone 73- 

Lodge-Muirhead coherer 73 

silicon detector 78 

detector of the flame type r 79 

DeForest audion '. 83 

Action which takes place in wireless telephony 147 

Adjustment of coherer 31 

Aerials 83 

Aerial elevation of the Marconi type 83 

**L" type , 84 

**T'' type ...: 8S 

"U" type 85 

experimental 85-89 

insulator 88 

lead in *. 89-90 

switch 91 

Amateur's wireless station 104 

Assembling of coil 38- 

Audion *. 80 

Audion receiving circuit 82. 
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B. 

Battery, Leyden jar 51^ 

voltaic 3 

Blow-out magnet 169 

Buzzer test 115 



0. 

Capacities 116 

Choke coils, DeForest system 153 

Coherer 16 

simple type 17 

Coherer, construction 28-30 

Coherer, Slaby-Arco , 61 

Coils, induction 25 

Condenser 23, 46 

Condenser dielectrics 116 

Construction of a simple wireless set 19 

Continental code 110 

Core 20 



D. 

DeForest wireless telegraph system 127 

pancake tuner 120 

sparkless system 98 

wireless telephone system 152 

Detectors and detecting instruments 61 

Slaby-Arco 61 

liquid 64 

receiving circuit 66 

receiving circuit tuned 55 

Marconi magnetic 68 
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Detectors and detecting instruments — Continued. 

Shoemaker 70 

Massie 70 

Lodge-Muirhead 72 

silicon , 74 

Delaney 74 

receiving circuit 77 

carborundum ^ 78 

flame type 78 

audion 80 

receiving circuit 82 

Dimension of all size coils 40 



E. 

Earth for portable sets 93 

Earth plate 91 

Electrical laws 3 

Electricity, forms 1 

Electrolyte 66 

Electroljrtic detector 64 

action of 66 

adjusting 67 

Electrolytic interrupter 45 

Electro-magnetism 6 



F. ' 

Fessenden wireless telegraph system 136 

telephone system 158 

Filing coherer 28 

Forms of electricity 1 



INDEX 
G. 

Gteneral remarks 9T 



H. 

Head telephones 124 

Hertz 15 

Hertz oscillator and resonator — . 15 

Hertzian waves 15 

Heterodyne receiver 162 

High frequency alternator 128 

Hot wire ammeter. , 123' 



I. 

Inductance coil 52 

Induction coil 7 

Instruments necessary in study of wireless 101 

Insulating tube 31 

Insulator 38 

Interrupters 42 

Wehnelt ., 45 

mercury 44 

vibrating 42 

J. 

{Jar, Leyden i 51 

K. 
Keys (see Sending Circuits). 
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Xead-in , : 90 

Learner's wireless set 104-105 

**L" type aerial 84 

Leyden jars i. . 51 

List of abbreviations 111-114 

Lodge-Muirhead coherer 22 

M. 

Magnetism 6 

Marconi aerial elevation 83 

Marconi magnetic detector 69 

Massie oscillaphone 71 

Mast at Brant Rock 96 

Masts 93 

Mercury interrupter 45 

Micro farad 123 

Micro-henry 123 

Morse code 109 

N. 
Naval rules and regulations 105 

0. 

One kind of electricity 4 

Open circuit sending set 27 

Operating room 105 

Operation of coil 25 

Oscillaphone 36 

Oscillator , 14 

Oscillatory action of Eeyden jar 14 
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Polarization 67 

Primary winding of coil 21 



R. 

Radiophone ; 142 

Receiving telephones 124 

Ruhmer 166 



S. 

Secondary — 59 

Sectional view of coil 59 

Section former 59 

Sending efficiency ,. . ; 59 

Series-Parallel connection 118 

Setting tuning coil to a certain wave length 60 

Shoemaker detectors 70 

Silicon detector 74 

Simple receiving circuit 65 

Simple wave meter , 59 

Spark coil dimensions for all sizes 59 

Sparkless system 98 

Speaking arc 143 

Study of wireless telegraphy 97-115 

Systems of wireless telegraphy 125-139 

DeForest 127 

Stone 130 

Massie 134 

Pessenden 136 
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Dolbear method , 141 

Bell radiophone , 142 

DeForest 152 

Fessenden .• 158 

Poulsen 164: 

Ruhmer 166 

Laughter 168 

T. 

1 

*'T'' type aerial 85 

Tapper or de-coherer 18 

Telephone receivers 124 

Transformers 47 

Tuned receiving circuit 55 

Tuned sending circuit 51 

Tuning 49 

Tuning analogy / 49 

Tuning coil 56 

Tuning coil (DeForest type) . : 118 

Tuning coil for sending end 51 

Tuning coil, wave length 56 

Tuning inductance 52 



V. 

Variable condenser ' 121 

Vibrating interrupter 42 

Voltaic cell 3 
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Wave length 56, 123 

Wave meters 124 

Wehnelt interrupter 45 

Winding of secondary '. 35 

Winding machine 34 
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